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ABSTRACT 
The Clode Sound map area (Lat. 48°15'N, 48°30'N and 
Long. 54°00'W, ~4°13'W) is underlain b"y portions of three • 
major units of late Precamorian a~e which dominate the 
northwestern Avaloh Zon~. They in~lude sedimentaty , 0ol-
canic, and .intrusive *rocks of the Love Cove, Connecting 
-.-
Point and Musgravetown Groups, and the Georges Pond pluton . 
These rocks form -a numbe·r")f alternating, north trending 
fault-bounded belts. 
The ·Love Cove Group has been informally redefined to 
include somB'of the sedimentary and volcanic rocks pre-
viously referred - t-O the ·Musgravetown Gro up (Widmer, 1949; 
Jenness, 1963) with which ft is conformable. The redefined 
Love Cove Group ~s divided into three formations. In ascen-
ding stratigraphic order these include: 
1. White Point Forma t ion - a sequence of deformed 
domin~ntly pyroclast1c st.:baqueous (?) to subaer i al volc~c 
rocks ranging ~rom basalt to rhyolite in eomposition , whic h 
are intruded by a comagmatic pluton (George s Pond pluton). 
2. Thorburn Lake Formation - a sequence of variably 
deformed siltstones, greywackes and related volcanic roc ks 
up to ~300 meters t h i c k which overlie, and are partially 
eq~ivalen t to, the W8ite Point Formation. 
\ 
' i 
' 
.. 
• ' 
3. Southwest Riv~ Formation (Musgravetow'n Group of 
'-.... 
Jenness, 196.3) - a subaerial basalt - rhyolite volcanic 
assemblage and an associated sequence of all~ial - flu~ 
viatile sedimentary rocks 1280 meters thick. 
The Connecting Point ~roup, only loca l ly exami ned, i n-
eludes thin bedded ma r ine siltstone and slate. It may be 
equivalent to portions o£ th~ Love Cove Group] 
The Musgravetown Group, in its type area, uncon f ormabl y 
overlies the Connecting Point Group . " It includes i n ascen-
ding order: 1. The Canning s Cove Formation (53 0 meters ) 
loca\ly derived fanglomerate s, s a~dstone: and basa lt f l ows , 
2. diode Sound Formation (Bull Arm Formation o f Jenne s s , 
1963) "(800- 2 300 meters) subaerial basalt/ panteller i te 
volcanic sequence, and 3. Charl o ttetown Formation: f l u-
v iatile red beds. 
The Georges Pond pluton is gene ticall y rel a ted to t he 
White Point Formation; both appe ar to have a continent al 
cal c alkaline geochemistry. Vo l c a n ic roc k s o f t he Southwe s t 
River ·Formation appear mildly alka l i ne. The y may be equ i v-
alent to the Cla de s ound Formation which inc l ude s pera l k a line 
sil . cic volc pn i c rocks and alkaPi basalt~. 
The major structure of the Lov e Cove Gr o up tre nds no rth 
i s dominated b y isoclinal f o l d ing wi th steeply d ippi ng 
xial surfaces , wi th dev~loprnent of a pene trative folia t ion, 
in the .lower portion s o f the s ec tion. In the we s t . the r oc k s 
' 
ii 
J 
'· 
are over~urned to the east and tightly folded. The upper 
portions of the section show more open folding with only 
·poor fabric developp~ent . r Two major faults in the area have 
juxtaposed contrasting structural leveis or domains. The 
.. ~ 
principal deformation (F1l of the La~ Cove Group was Pal-
aeozoic, probably Acadian, in age. It is not clear how 
structures in the Connecting Point, Gro up relate to t hose in 
the Love Cove Group. 
Metamorphic grades in the field area vary from green-
schist in the lower portions of the section, to prehnite -
pumpellyite faci e s a t higher stratig raphic levels . . 
The lithostratigraphic units in the map area are 
similar in both petrography and chemistry to, and can be 
correlated wi th equ~valent units 1n other parts of the we stern 
Avalon Zone . 
\ 
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CHAPTER 1 
I NTRODUCTTON 
1. l Loca t 1 on 3J!d Acc·?ss 
The st ud y a r e a i s s i tuated in eastern Newfo u nd l a nd 
in the Bonavista 3a y area and is r our, hly b oW1ded by c o-
' ' 
ordina te s L~t . 480 1 5 'N, 4 8 D JO 'N and Long. 54° OO' W, 540 
1 J ''.'J, ( f i g . 1. 2 ) . The north ern p orti ons of the map a r ea J i e 
within T &rra Nova National Park. 
All-weather road s , i nc luding the Trans Canada Hi~hw3 y 
(TCH), f ollow close l y both shores o f Clade Sound. Old 
l ogging trails and more r e c ent logging r oads, n ow being 
upgraded, provide the only access to the wood ed country 
south of C l o de Sound; boats, which are available for hire 
fro~ l oc al communities, were used on Clode Sound and th e 
larger pon ds . 
Port Blandford, at t he head of Clade Sound, 1s 21 8 
km we st on the TCH fr o m S t . J ohn's and 1 1 ? km eas t fr om 
Gand er. Bunyan's C:ove and Charlo t t etown, on t he s ou t h ~ nd 
north shores o f Cl a de S ound r e spective l y , are t h e on l y 
other communities in the map area. Rai lwa y work, l ogg ing 
and farming are t he ma i n s ou rc es o f l i vel i h ood for t he 
l ocal p o pulace. 
1.2 Physiography and Clima t e 
Most o f the f iel d - area i s h eav i l y woo d e d with a p a t c hy 
.. 
\ 
f 
I 
F !r . . 1 . 2 . 
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distribution of bogs. The usually gently rolling tope-
graphy rises moderatel:l to steeply fr_om -+:he coast with 
elevations p,enerall:: less t~an 20 0m (cOO ft) but exceeding 
JJ5rr. ( :ooo f"':) or; Blandford's Ridge and the Bl ue Hi ll s, 
barrer, rid~es in "'-:he s out!'L As a rough genera l izati on · 
steeply d ipping schistose rocks ar.d massive v o lcanic rocks 
:.mder li e the higher, rn o:e rugF?ed ground wr.i. 1e mor#gent ly 
dipp i ~g sedimen~ary ro c ks for~ ~ore subdued rel ie f i n 
large ly ~rift-covered areas. 
~ith the except~on o f "':~e Port B l a nd f~rd area and 
the s~wre l inf' +: o t!",e west o: Pla t +er Co ve, c oastal 
exJ1osure i s excellent. Inl a nd, a~_ide fr o "', the larger 
por1ds ar.d ':l:ooks ar,d hifr. rocky r:de:es, ex posure is in most 
, 
places poo r, b c 1.nq con:1ned t0 ~unor b r ool.:s ~nd ponds and 
scattered e:lac ially - r ou nded ou+:~rops covered wi t h ~o ss 
and lic~en 1r th e wo ods a~d on ~~e bogs. 
~or~ h o f C lode So~nd , on l y ~he ~~~ a nd Dunphy ' s 
Pond a rea were ~~ppPd ~ a gain i nforMa tin~ on ~he c on t in u ity 
Th~ su~~er c1~~a+:e v~ries fro~ c oo l or sunny and 
warm ~o hot and hu~ i rl. 
~.]Pleist ocene Geology 
The g lac i al geology o f the area has been described 
~ 
in det;:d1 b:.· .Tenness (1Q6 )). Hence, onl :; a b rief reference 
t o it will b~ made here. 
Ic e ~ovement in the az·ea was invariab l y in an easterly, 
·' 
Plate I: 
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Local drainag·e controlled by glacial scouring, 
east of Port Blandford. 
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coastward direction. Inland outcrops are usually rounded, 
commonly with roche moutonnee development. Roughly E-W 
trending striae are common and two sets intersecting at 
a low angle may occur on individual outcrops. Deep scouring 
has locally controlled drainage (Plate I). 
The predominant glacial deposit is an irregularly 
distributed, unsorted, unstratified bouldery till. This 
is made obvious by the bouldery nature of most of the 
ponds and that of the mouth of Southwest Brook. Stratified 
glacial deposits are confined to the area at the head of 
Clode Sound, especially Northwest Arm (Jenness, 196J). 
Extensive frost-heaving of .i oint blocks on some outcrops 
was pointed out to the author by the late W. D. Bruckner. 
1.4 Previous Work 
Much of the previous work in the general area has 
been of reconnaissance nature and historically, as ide from 
Jenness ( 1958 , 1963), most attention has been given the 
Cambro-Ordovician sequences of .the Random Island area. 
J.B. Jukes ( 184J) first separated the Cambrian from 
the underlying Precambrian strata and noted an unconformity 
between them. He did not subdivide tf.e Precambrian. 
Murray and H.Q,wley (1881) subdivided and described 
~ 
Precambrian sedimentary rocks, classifying them as the 
"intermediate series" possibly Huronian in age. They correlated 
the sequences now termed the Musgravetown and Connecting 
Point Groups with those of the Signal Hill Formation (Cabot 
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Croup) anu ur tderlyin{'. f c; rma t ions respe c tively , on t he 
Pastern Av~l on Pen)nsu l n . 
Bu dd) ngton (1919) f ~ rst studied t he p e trology and 
r e lati onships of Pre ccunbrian vo1canic and p l u t onic r ocks 
of the central Aval on Peninsula. 
Hayes (1948) recognized an ane,ul::1r unconformit y 
- ~ at Milner's Cove , on the ~outh shore of Clade S ot .. nd. He 
named the rocks above this unconformity the Musgravetown 
Group and those below it, the Conne cting Point Group. He 
correla Led them respec tiv ely wit h the Signa l Hill Formati on 
and Conception slates and the Harbour Main volc anic rockG 
(Howell, 1925) of the eastern Avalon Peninsula. Hayes also 
recognized that the Connecting Point Group is c haracterized 
by steep dips with some isoclinal folding and estimated 
its thickness at several thousand feet. He thought the 
Musgrave town Group to be approximately 10,000 ft. thick 
and in Trinity Bay recognized felsic lavas (the Bull f4'm 
felsite member) in its lower and mid~e parts. 
Rose ( 1948) extended those units southward t o northe rn 
Placentia Bay where he also included chlorite and serici te 
schists in his Middle Cambrian ( ? ) Sound Island F'ormation. 
However, tlidmer (1948), in tracing this un it northward to 
the Terra Nova map area discerned a third ma jor Precambrian 
stratigraphic unit, the 
"Love Cove schists forma tion: schis t s f or med f rom 
conglomerate , s andstone s, sha les , b as ic and ac id 
flows and dykes". 
In the Northwest Arm area of Clade Sound h e di st i nguishe d 
/ 
- ? -
u P-fo rmed sed i mentary r ockc;, his Ta bby Cat Cove Forma tion 
from r,1u~;gravet own Group roc ks, 
Chri stie 0 9)0 ), HI part, deta iled the l i t holo?,y of 
trw Connecting Po int anll r.ius~ravetown Groups east of 
c r~a rl o t t e town. 
Jenness (1958 ) con firmed the existence of Wi dmer's 
Love Cove unit and renam~d it· the Love Cove Group. He 
de sc ribe d d i stinctive features of the three Precambrian 
units, and reported volcanic rocks from t Connec ting Po i nt 
Group. 
JennP.ss (1963) interpre t ed t he more deformed fault-
bounded volcano -sed imentary Love Cove Group to be the 
oldest Precambrian unit in the region and inferred an angul ar 
unconformity with less de formed, largely fault-bounded s_}ates 
-' 
_... 
and greywackes of the Connecting Point Group. He did not 
formally subdivide these units. Jenness considered the 
Musgravetown Group, which he subdivided into a number of 
sedimentary and volcani c f ormations, t o be po s t-tectonic upon 
the earlier strata. He described an angular unconformity at 
Southward Head, Bonavista Bay, between what he described as 
Connect i ng Point Group acid volcanic and sedimentary rocks 
below and basal Musgravetown Group red conglomerate above. 
At Bread Cove, Bonavista Bay, he reported deformed detritus 
resembling Love Cove Group litholog ies in a similar 
(l' 
conglomerate, The Musgrave town Group was found to he c onformable 
beneath the Cambro-Ordovi cian sequences of Trinity Bay. 
Following earlier workers Jenness (1963 ) correlated t he 
• 
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Connecting Point and Musgravetown Groups with the Conception 
and t he Hodgewater and Cabo t Groups r e s pectively (McCart ney , 
1967; Ro se, 19 52). 
Further, J enn ess did not consider the Love Cove Group 
to be equivalent to the Harbour Main Group bu t hP. did 
suggest, on t he ba~ i s of s t nuc tural trends that the Love 
Cove Group could be related to t he volcano-sed i mentary 
sequences o f the north~rn Burin Penin sula (Bradley, 1962). 
Hussey (1978 ) on the basis of ~app ing i n the Sound Island 
map shee t confi rmed t his corre lation . 
McCartney (19 67), wo~king to the s ou t h, r a i sed the Bull 
Arm felsite member of Hayes (1 94 8 ) t o formation status, 
established a s i x fo l d subd i visi on of the Musgrave t own Group 
and interpre t e d i t to be co nf o rmable upon t ~e Co ~necting 
?oint Group i n his f ield anea. 
Malpas (1971) mapped Bull Arm Formation v olcanic rocks 
on the Isthmus o f Avalon and produced the first pe t rochem i c al 
study of these rocks, 
Younce (1970) mapp i ng in n or t hern Bonav i s t a Bay d i d 
not accept the Love Cove Group as · a stratigraphic enti ty . 
He considered the Connecting Point Group t o be the o l dest 
un i t in the are a and the Love Cove Group t o be t he deformed 
and metamorphosed eq~ivalents of lqwer portions of t he 
Musgravetown Group . He a t tribu ted t he de formation and 
metamorphism to what he thought were Devonian i ntrus i ons 
in the Bonavista Bay area. Younce als o recognized severa l 
unconfor mit i es within t he r.1usgravetown Group and cons i dered 
- 9 -
several o f the for ma ti ons within it t o be facies equ i va lents. 
Blac kw ood and Kennedy (197 5 ) rela ted movement on the 
Dove r Fault, northwe s t Bonavista Bay, wi t h juxt aposit i on 
of the Gander and Aval on Zone s (Willia ms et. al., 1974) 
and Precambri~ defor mati on of the Love Cove Gr oup (Jenn ess, 
1963) . 
O'Dris~oll (197 7b) reported Love Cove Group sch i s t s 
northwest of Placent i a Ba y and he included schisto~volcanic 
a.l'fi:1 sedimentary rocks at the head of Placentia Bal in his 
Precambrian North Harbour Group (informal) which he infer red 
to be uncon f ormably over lain by Musgravetown Group and Lower 
Cambrian strata. 
O' Dr i scoll and Hussey (1977) i nterpreted Love Cove . 
Gr oup and Musgravetown relations in terms of a late 
Prec~mbrian Avalonian orogeny (Lilly , 1966 ). 
Hussey (1978a) included volcanic and sedimentary rocks 
northwest of Placentia Bay previously referred by And erson 
(1965) to the Musgravetown Group, in the Love Cove Group 
which he suggested to be genetically related to the Swif t 
Current granite. 
Dal Bello ( 1977) ma pped an area immediate ly north of 
the present field area and presented detailed petrographi c 
and petrochemical data on t he Love Cove Group, Bull Arm 
Formation and related rocks. He. accepte d Jenn ess' stratigr a phic 
units but revised t heir boundari es . 
1, 5 Present Work 
F i eld work was conducted from mid -May t o mid-Augus t 
• 
.. 
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and September, 1976. The base camp was situated 1n Port 
Blandford and most of the area was accessible by daily 
traverses from that lncation. One "fly camp" was necessary 
in t he B1ue Hills area. Most detailed ' attention was given 
to coastal exposures wh ile, in general, inland exposures 
yielded on ly limited information but were useful in 
delineating the geographic extent a nd distribution of the 
various units. The area was mapped using 4 inches to 1 mile 
\ 
aerial photographs and the data were plotted on quarter mile 
scale forest inventory s heets. 
1.6 Purpose and Scope of Study 
The rethinking of g eologic phenomena in t he past 
two decades within the framework of global tecton ic theor y 
\ has led to a greater understand i ng of Appalachian geology, 
However, the eastern port i ons of the Appalachians, i n 
particular the Avalon Zone, have remained .enigmat ic although 
in the past several years increased attention has been g iven 
the eas t ern margin of the system, in particular to the 
relationships in and between the Ava lon and Gander Zones i n 
Newfound land ( e.g.Schenk, 1971; Rast et al., 1975 : Blackwood 
and Kennedy, 1975: Blackwood and O'Drisc oll, 1976: Jayasinghe 
and Berger, 1976: Strong et al., :975, 1976, 1978; O'Driscoll 
an..d Hussey, 1977) . 
Much has been based on the regional relationships 
of t he Love Cove Croup as described and inferred by Jenness 
(196J), Hence, it was decided to study the stratigraphy·and 
---
-. 
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relations of the Love Cove Group in its type area and 
adjacent#ln i ts in more detail than previous workers in 
attempting to clarify, at least in part, the regi onal 
stratigraphic and tec ton i c meaning of these rocks in 
terms of the geology of the western Avalon Zone and that 
of the eastern portions of the Appalachian-Caledonides 
system. 
j 
,. 
.... 
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CHAPTER 2 
REGIONAL SETTING 
2.1 Introduction 
The Appalachian structural province borders the Arc h-
aean-Proterozoic C~nadian Shield on the southeast. It rep-
resents principa lly a Palaeozoic crustal developmen t . The 
first fundamental geological subdivision of the ~ew foundland 
Appalachians wa:;· made by Williams ( 1964). He described i t 
as a tripartite system comprised of a central, fol ded Pal-
aeozoic volcano-sedimentary terrain, the Central Mobi le Be lt, 
bounded on the n o rthwest and southeast by t wo st a ble p lat forms, 
the Western platform and the Avalon platform. The Western 
platform consists o f high-grade Grenville igneous and meta-
morph i c basement (900-llOOm.y.) overlain with profound uncon-
formity by a Cambro-Ordovician clastic-carbonate sequence. In 
contrast the Avalon platform is characterize d by thick accu-
mulations of late Hadrynian sedimentary and volcanic rocks 
and possibly related plutons. These rocks are conformably 
or unconformably overlain by Eocambrian-Cambrian sedimentary 
" strata. 
The Avalon Zone appears to underlie much of the Grand 
Banks of Newfoundland (Lilly, 1966) and thus may have a width 
of about 500 km, as opposed to a width of 300 km for the rest 
of the Newfoundland Appalachians with which it is in fault 
contact (Blackwood, 1976). No sialic basement to the Avalon 
platform is presently exposed in Newfoundland, although 
gneiss·es have been reported from Cap Miquelon (Aubert de -la 
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Rue, 1932) immediately wes.t of the Burin Peninsula. It 
should also be noted that in central Labrador , nort hwest of 
the Appalachians, Hadrynian red sandstones, conglomerates 
and shales unconformably overlie rocks of the Grenville struc-
tural province (Greene, 1970 ) . More recent detailed tectono -
stratigraphic subdivisions of the Newfoundland Appalachians 
(Williams et al., 19 7 4) have dealt largel y with the centra l 
mobil e belt (Fig. 1.2); the Avalon platform is now referred 
to as t he Ava lon Zone. 
2.2 Stratigraphy of the Avalon Zone 
The Avalon Zone i s domi nated by a number of dis t i nct 
late Precambria n l i thostratigraphic assemblages whose d i s-
tribution in alternating belts defines th e regiona l no rth-
to northeast structural grain (Fig . 2 .1) . An exception t o 
this genera lizat ion is a thick unfoss iliferous Ordovician-
Silurian (?) vo lcano-sedimentary sequence in northern Fo r -
tune Bay (Bradley, 1962; column "8", Table 1). The Palaeo-
zoic age was based pr incipally on correlations with rocks to 
the west in the Be l leoram ~rea (White, 1939) . However, 
Williams (1971) has reinterpreted the geo logy of the Belleo-
ram map she·et to produce a stratigraphy similar to that found 
elsewhere in the Avalon Zone (column "A", Table 1). Similar 
revisions in the Terrenceville and Gisbourne Lake map sheets 
(Bradley, 1962) appear j ustified on that basis. 
Most of the detailed wor k on the Precambrian sequences 
has been done on the Avalon Peninsula and more recently on 
the Burin Pen i n s ul a (e.g . Strong et al. , 1 978a ) . I n the past, 
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the Avalon Peninsula has been the subject of controversy deal-
ing with the geologic development of the Avalon zone (e .g. 
Bruckner, 19 69 ; Pa(-lezik, 1969, 1970; Hughe s and Bruckner, 
1971; Anderson, 1972; Malpas, 1971; Maher, 1973 ; King et al.· , 
1974; ~ixon, l97S ) . Poole (1967 ) discussed the "Avalon p l at-
form" with reference to a l ower largely volcanic assemblage 
.~nd an upper larg ely sedimentary assemblage. King et al., 
(1974) described the Hadrynian-Ordovici a n stratigraphy of the 
A~alon Peninsula in terms of three major ~ithostratigraph i c 
assemblages "which developed s uccessively in fundamentally 
differing palaeogeographic setting s". These assemblages are 
not identical to those of Poole (1967). Taylor (19~7) used 
this approach 1n corre lating sequences of the western Avalon 
Zone* with tho se of the Avalon Peninsula and in providing some 
order to discussions of regional Avalon Zone geo l ogy . 11. sim-
ilar approach is followed her e . Fig . 2.1 shows the distribu-
tion of the various lithostratig ra phic assemblages throughout 
the Avalo n Zone and the location o f the stratigraphic columns 
shown in Table 1. 
2.2.1 Lower Assemblage 
On the eastern Avalon Peninsu la , the lower assemblage in-
eludes the Harbour Main and Conception Groups and the Holyrood 
(granitoid) Pl utonic Series (McCartney, 1967 ) . The Ho l yrood 
granite is not of major stratigraphic significance i~ these 
discussions ~nd wil l not be considered further. The Harbour Main 
*inelbding all portions of the Avalon Zone west of the Isthmus 
of Avalon 
- 1 '5 -
G r o u iJ ( > 1 8 0 0 me t c r s t h i c k ) f o r m s t h c h a s (' o f t h e s e c t i o n ; i t 
i nclud e s te rre st ri ~ l to lesser m~rine , mafic to silicic 
pyroclastics and fl ow r ocks and minor . i nte r bed ded t e r restrial 
s~d imcntary ro c ks (McCa r tney , 1967 ). The overly i ng Conception 
Group (approx . J OOOmeters thi c k) is c lea r l y div is1'b le i nto 
f ive f ormations (l'lilliams and Ki ng, 1976 ), i s dom inantly 
mar ~ne i n nature , and i s c ompo sed largely o f gr eenish-gr e y , 
l ocally r ed , siliceous s i ltston es and sha le w it~ vari able 
amoun ts or r,r eywacke and chert (colu mns "H", "1 ", " J "; Ta ble 
~) . ~hes c r ocks c onsist i n part of v olcan ic debris ( McCar tney , 
1967 ; P.u~hes, 19?7) and t here are occurrences of p illowed 
~af i c lavas , t uffs and agglomerates (McCar tney , 1967 ; Ma her, 
1973; ~i l l iams a nd K in~ . 1976 ) . In t he northeast , the l ower 
por~ion of the sequence cons i sts of th i n-bedded arkose 
wh i le th i c k- bedded arkose occurs at a higher s t ratigraphic 
l evel (King et.al ., 1974) . On t he southern Ava lon , ti llites 
oc cur at an approximately middle level in a re l ative l y 
complete sec tion of the Concept i on Group whil e in the 
Holyrood area they occur i ~mediately a bove the unc on formable 
contac t on t he Harbour ~ain Group. Late Pr ecambr ian fossils 
occur in t he upper portions of the Conception Group sequence 
at a number of localities (M isra, 1969; Will i ams and Ki ng , 
1976) . 
The r e l ation s between the Ha rbour ~a in Group and the 
Conc eption Gro up a r e somewhat varia ble. Hughes a nd Bruc kner 
( 1971) suggested that they are essentially penec ontempor aneous, 
based in part on a l atera l ir ,terf ingering of Concept i on-type 
~(~din. <:>r , t a r:; roc k ~ ; 1' i ::r~ l u d i r : g t llli t. (; hf•ds ) a n d Ha r bour rr.a: n-
t::pc vo l c ani c co c l-: '~ e ~ 1s t of Cor.•.: evt i c n R;t J ( fl :l 1.c r, 1 9JJ ). 
/"',T O tlp S ::tppear·!; U rlCY . fn cr~ ~i b l e C ls e 'rlhrcre. 
On the west er:-, P.·:2.lon Peni n~w 1n , Kin[', et. al. (:!. 97 1}) 
included the Coc1 e c: t i ~: g Po int Group, and the Bu l l Arm 
F9rrnati on and the Bi e H•!ad Format ion o f the r.:usf.r:wetovm 
Group (McCartney, 1967 ) in the lowur asse mblage . Th e ha s e 
of the Cc rLiwct inf, Po i n t Group is nowhe re exp o s e d a nd 
McCartnAy (196 7 ) es timated its thickness i n t he Tr i nity -
Placent i a Bay area a t approximate l y JOOO met e r s ; t o the n orth 
in Bo na'1i s ta Bay i t rr.a :: b e 7700-9200 mete rs t h i c l-: (.Jen :-lCs :; , 
1 96 3) ( co lumns "E" 2.nd "F" , Table 1) . The Conn ect ir:r. P o in t 
Group i s considered t o be the oldes t unit on t he westRrn 
Aval on Peninsul ~ . !S do~ inantly marine in na t ure , and i s 
s o f a r und j vid ed. It is c omposed o f greeni s h - gre :: s l <tty 
s ha~e s and siltsto:'.e a r:d greyNac k c beds (!~cCartr. ey, 19 :J ·; ). 
Rec e~ t stud i es ( O ' Drl sco ll . anj Muggcrid~e . 19 7 8 ; A.F . Ki n~ . 
pers. c omm. , 197 8 ) s ug~e s t that it is a s hoa l ing - upw a r d 
sequ e nc e , and intcr~cdi n te to naflc v8lc~ ~ i c r ock s occur 
toward its top (Mc C a~ t~ e y, 1967; J enn ess, 1963 ) , The Bull Arm 
Format i on i s appro>: ~nrc t ely 2400 maters thick or: the Is +: h rr,u s o f 
Avalon and includ e ~ n~ f- ic and fe ls ic fl ow s , brec c ~as , py r u -
c la:>t i c r ocks, a Y'k os e , s il tst ::me a nd co np; l omera 'te . It : s 
l a r gely subaer i a l i :-. v.:oture b u L d oe s 'c!iC' h ;d e s :•:·,c (;pels :::lf' f i. 
~.· r · ' : ~~ !' t : ,l '.' l ·~ .. : '~ 
:· i ! '' ' .;.t t; :J ;, . ' ~- ' . .. ... 
) 
' . . .1:' I' 
:--! I • 1 ~_, ~ f , :•· r ! :.<:r :!'. ( ') ) Rul lt\ r· rn 
•. - t. - : • : ) :. ~ i ' ~· ~ ; ' - ) d l p:: .. , .. l l , 
Th!? :lu ll P.rr:. f.' . > c :~:; '_ ior: 1 ~; c ·. > ~ , ! ·:J~'rl:tl.Jl:r over lain with :10m~ 
intcrc .:. l8ti r •~1 b : r pd Led~: (Ji t •.e B;r, ~' 0ad ForMation (approz . 
" f,T !!Y-{',Tf' en t•> .,_.,...(::. si.. l~- ~> t ~··.<? , :: lat:e , r,r een cherty a r e,i l l ite 
• 
() f t he C<)llT:':,# c • .. ::-·_ ~ Jl•_": ;~ ;- C: r',Ji .p 
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in the Musgravetown Group is reported to overlie conformably 
sedimentar; rocks similar to the Connecting Point Group 
(O'Driscoll and rr.uggeridg,e , 1978) . However, on the west side 
of Placenti a Ba~,r i n the Paradise Sound-Bar Haven area a 
sequence of dominantly marine volcanic rucks (Unit 4) is 
conformably overlain by a thick sequence of marine sediment ary 
rocks (Unit 5a) which includes limestone beds and breccias 
and minor mafic vol[ariic rocks (Unit 5b) in its upper part. 
These rocks have been referred to the Musgravetown Group and 
appear conformable up into Lower Cambrian strata (O'Driscoll, 
1978; column "D", Table 1). They are in steep fault contact 
to the west with deformed Love Cove Group vole ani c rocks. 
Burin Peninsula: ~he soc;.thern Burin Peninsula, Van 
Alstine ( 1948) and ~filliam~on (1956) correlated a broad 
terrain of und ivided subaer\al silicic pyroclastics, flows, 
amygdala ictal basalt, quartz - feldspar porphyries and minor 
related sedimentary rocks with the Harbour Main Group o-r the 
Avalon Peninsula and inferred it to be the oldest r ock uni t 
in the area. In the ir i nterpretation, the dominant l y marine 
Rock Harbour Group (conglomerate , greywacke, s i 1 tstone, and 
~·~ 
11 mest cp-.e) and the overlying p i llow basalt and re lated 
./ 
pyroclastics o:f the Burin Group ( 1500- 2800 met e rs t h ick) 
are younger than the subaerial volcanic sequence wi t h which 
they are i n fault contac t . 
In con-':r ast , i n the j nterpreta tion of Strong e t . a l. 
(1976) and Tay l or (1977 ) the Bur in aild Rock Harbour Groups 
lie unconformab ly benea th t h e terrestria l si licic terrain 
Q 
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v1h "ich they in :formally renamed t he Marystown Group. Tay l or 
( 1 977 ) c ::;t imated a 19 0 0- met er thickness for the Rock Harbour 
Grou p and i ndicated that the Burin Group could be up t o 
4 kr.~ t hick. Stronf> et . al. (1 976) d e scribed eight 
l i thost ratigraphic subdivisions o f' the Marystown Group and 
ind icated that lack of structura l data and poor outcrop i n 
ma ny places pro hibit relia91e thic kness est i mates. Taylor 
( :!.977) subdivided that ter~in i n to the dom i nantly silic i c 
rr.a rys t own Group and the dom i nant ly mafic Mort ier Bay Group . 
Al so , he took the f/lortier Bay Gr -o up as late Hadrynian b u t 
suggested that it is unconfo rmable on the Marystown Group 
(column "C ", Table 1) . O'B rien (pers. comm., 1979) is 
inc orporating data fro m most of the Burin P en insula in 
, 
proposing the subdivisions shown in column "C", Table l. 
Thesf' rl iY i s i ons corre spond c losely with the s ubdivision 
proposed for the present map area . 
Strong e t. a l. ( 1978) i nferre d a bundan t s ilic ic v o l c a n i.e 
d e tri t us i n the Ro c k Ha r bour Group t o be der ived fro:-n t he 
Ha rbour r.~a in Group or a presently unexposed ~uivale~t . ThP 
f,iarystown Gr oup is d isconformab l e up into E oc ambrian strata 
(O 'Brien et . a l., 197 7 ) and has therefore b een taken as a 
correlative o f t he Bul l Ar m Fornation (Mc Cartney , 1967 ; 
Jenness, 196 3) . Th i s enti r e t errain , includ i ng t he Rock 
Harhour , Bur in, Marys t own , and r~ ort,icr Bay Gr oups is h ere , 
te~tative ly , r e f e rr·ed to t he l ov1 e r assemb l age o f King ·e t . al . 
(1974). 
To the north a sequcn~ e of c r o ss - bedd ed tul'f aceo u s 
) 
.r-::-...zo -
sandstone, greywacke, conglomerate and minor tuff i nte rveneD 
between p):Obablc correlatives of the Marystown and r~ortier 
Bay Gro ups (O'Brien, 1978: pers. conm., 1978 ) . These 
sedimentary and tuffaceous rocks occur as a semi-continuous 
north-trending band extending up into the present map area. 
This includes the · lower p or t i ons of tje Southern Hi lls 
Formation (1) and the Andersons Cove Formation (Bradley , 
1962), Unit 2 of Hussey (19?8a), Unit lb (in part) of J enness 
( 196)), and the Thorburn ~Lake Format i on (2b) of this thesis. 
These rocks are here correlated, in rough terms, wi th lower 
asse mblage marine or subaqueous sequences such as t he Big 
Head Format ion. On the northern Bur i n Peninsula, t hey are 
infolded and appear conformable upon volcanic rocks of t h.e 
Deer Park Pond and Southern Hills Formations (column "B", 
Tabl e 1) and !.he Love Cove Group (Bradley, 1962 ; Huss e y , 
1978a ). The Southern Hills ( J OOC meters thick) and Deer Park 
Pond Format ions (up t o 1500 mete::s thick) are compr i sed 
d o mi nantly of deformed silicic fl ows a nd pyr oclas tic s , 
greywacke conglomerat e , greywacke, sla t e and minor basalt. 
These rocks are on strike a nd contiguous wi t h t:te r.:ar ystown 
Group to the south (O'Brien , 197 8a, b) and the L ove Cove 
Group to the north (Husse;y , 1 978a : O'Dr i sco ll , 1 978). 
Descriptions of and discussions on the s_tr at igr aphy o f 
the Bonavista Bay - Trinity Bay :=trea (colu mn "E" , T2.ble 1) 
are ~iven in chapter J . 
Fortune Bay : In northe rn For tun e Bay , l owe r a ss cl>lb l ng c 
r oc kH of t he Grand l~ P ierr e ()00 me t e rs thick ), R8lle BRy 
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( 1800 meters th ic k) and Andersons Cove (150-1200 meters t hick) 
Formations are sepa rat ed fr om the more deformed rocks 
described above by the Terrenc evi lle Facll~ (Bradley, 1962). 
_ The Belle Ba y Fo rma tion unconformably overlies the Grand le 
Pierre Formation: b oth conpr i so mainly silicic flows and 
pyroclast ics , lesser mafic f l ow roc ks a:'ld min o r sed i mentary 
rocks. The overlyi ng Andnr~s Cove Forma tion occurs on 
the Burin Peninsula as we ll and includes grey•iac ke congl omerate, 
green slate and minor pil low basalt. 
Williams (19?1) outlined a simila~ stratigraphy to t he 
west. However, in t hat area the Belle Bay Formation is 
•· 
J000-600 0 meters thick and the Anderso~s Cove Fo rmation is 
J00-45 0 meters t hick . These a rc in turn overla i n by silicic 
fl ows and agg·lomerates, ma fic flows and sed imentary r oc ks 
o f the Moor i ng Cove Format i on (300-7 50 ~et ers t h ick ) . 
2 . 2 . 2 midd l e Assemblag e 
The "M i dd l c Af.>s e rnblagP. " lS "a t hi ck c~ tr i tal_ s equenc e 
d o minantly c omp ozed o f debris d e r i ved fro~ r oc ks o f the 
'Lower Ass emb lae,e '" ( King e t.al. 1974 ). Roc ks of this 
assemblae,e occ ur pr i ncipally in a number o: n o rth - trend i ng 
belt s (Will i ams, 1967 ). On tr,e Ava l on Pen i :'1 su 2.a , these r od:s 
are k;nqwn under three different names . Kocks o f t he eas t ern 
zone h a ve been nc.med th e Ca b o t Group (c o l~;:Jn "J", Ta ble 1 ) 
(R osG , 1952) . Thosr= of t hr: mi rl dle zone ( HGi s e':.' a ter Gr oup ) 
under l i e most of th0 centra l Avalon Peninsu la (McCartney , 
1967 ; colum.r1s " H" and "l", Table 1 ) . Tr.e t ", ird zone l ies 
(~ 
• 
• 
L-.. 
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farther to the west anj includes t he middle and upper 
portions of the Musgravetown Group (McCartney, 1967; columns 
"E". "F". and "G", Table 1). The Cabot and Hodgewater Groups 
include rocks of similar facies. Bot h commence with a 
sequence of dark grey slates conformably and gradationally 
over ly i ng the youngest Conception Group strata (i.e. St. John's 
and Carbonear Formations, respectively). These are transitional 
upwards into a sequence of grey to greenish sandstones with 
subord i nate shale; in the Cabot Group, t hese roc ks are 
overlain wi th a sharp diachronous contact by red sandstones 
and conglomerates of the Signal Hill Formation and overlying 
Blackhead Formation (King et.al., 1974). A few t uff hori~ons 
occur 1n t~e lower Cabot Group (King, 1972 ). 
The lower divisions of the Musgravetown Group (Bull Arm 
and Big Head Format i ons) have been inc l uded in the l ower 
assemblage (King et.al ., 1974 ). However, red beds above the 
Big Head Formation are lithologically s i mi lar, and may be 
stra tigraph ica lly equivalent to , those of t he Ha l l s Town 
Format ion in the Hodgewater Group. The upper parts of the 
~usgravetown Group. have no equivalent in the Hodgewater 
Group and appear to wedge out eastward (King et.al., 1974). 
To the northwest, Jenness (1963) has outlined somewhat 
similar li tho/ogic~ assemblages in the Musgravetown Group 
above the Bul~ Format ion as has Fletcher (1972) on the 
Cape St. Mary' s Peninsula (column "G", Table 1). In the 
present map area , mos t of the Southwes t River Formation and 
possibly the Charlottetown Format i on belong in this assemblage. 
I 
{ 
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Rocks here referred to the "Middle Assemblage" occur 
throughout Placentia Bay. In northern Placentia Bay, at 
North Harbour, a thin sequence of variably deformed green 
sandstones and black slates and red conglomerates and 
sanpstone appear to overlie conformably Love Cove Group 
volcanic rocks (O'Driscoll, 1977b). Deformed fau l t-bounded 
red beds occur on the west side of Placentia Bay (Unit 5d; 
O'Driscoll, 1978 ). Also, red to purple, graded and cross-
bedded sandstone, shale and conglomerates (Unit Sc: O'Driscoll, 
1978 ) occur in an apparently rionformable sequence between a 
t h ick marine unit beneat h referred to the Musgrave t own 
Group (Anderson, 1965) and Eocambrian Random quartzites 
above : column "D", Table 1 (Uni t 5c, O'Driscoll, 1978 ). 
O' Brien et.al. (1977) reports red, mi caceous sandstone and 
mudstone (Renc ontre Formation ), disconformab l y overlying the 
Marystown Group on the southwestern Burin Peninsula. These 
rocks are, i n turn, overlain by a 737 mete r th ic k sequence 
of green-grey t o l ocally red siltstone and minor l i mestone 
containing a lower Cambrian fauna i n its upper parts (Chapel 
Island Formation). Elsewhere rocks (dominantly red-beds) 
placed in the "Middle Assemblage " include the Rencontre 
Format i on in western Fortune Bay: 1500 meters, Williams 
(1971) (column "A", Table 1) : in northeastern Fortune Bay, 
1200 meters, Bradley (1962) (column "B", Table 1 ) : and in 
the "knee" area of the Burin Peninsula (O'Br i en, 1978b}. 
2 . 2.) Upper Assemblage 
The "Upper Assemblage" as outlined by K~g et. al. ( 1974) 
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is composed of two distinct divisions, the Random Formation 
and the overlying Cambro-Ordovician sequence. Angular uncon-
formities separate the Random Formation from the "Middle Assem-
blage" beneath as we l l as from the overlying Cambrian rocks on 
the Cape St. Mary's Peninsula (Fletcher, 1 972). However, Greene 
and Williams (1974) tescribe conformable relations between Ran-
dam and Cambrian strata elsewhere. 
The Random Formation typically includes white-weathering 
orthoquar t zite and interbedded grey siltstone. It has a wide 
distribution but does not occur beneath the Cambrian of Con-
ception Bay. It ranges from 0 to 150 meters in thickness and 
is Eocambrian in a ge on the Avalon Peninsula and n or t hwest-
ward. ~owever, a thick quartzite un i t correlate d wi t h the 
Blue Pinion Formation of the Belleoram area occurring on the 
southern Bu r in Peninsula is Early Cambrian in a ge (O' Brien et 
al., 1977 ) , suggesting tha t these quartzite s are marked ly 
diachronous from east to west. 
The conformable sequence of Cambro- Ordovician strata 
above the Random Formation is typically disposed in syncl i nal 
keels or fault blocks throug h out the Avalon Zone. The Ca mbr ian 
rocks include g reen-red shales, p ink to grey limestone , 
manganiferous mudstones, locally pillowed mafic volcanic 
rocks in Trin!ty Bay, and black shales. The Ordovician c l astic 
seque nce inc ludes g rey and black shale, si l tstone , and sand-
stone wi th oolitic h e matite. It occurs in outlier s in 
Trinity and Conception Bays and reaches 1 5 00 meters i n 
thickness in Conception B~y (column "I", Table 1). The 
Cambrian strata are up to 380 meters t h ick, although i n 
• 
• 
/ 
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Fortune Bay the middle Cambrian Youngs Cove Formation 
contains grey micaceous sandstone and is approximately 
600 meters thick (Williams, 1971) (see column "A", Table 1). 
The Nine-Mile-Hill Formation, north of Fortune Bay (co l umn 
"B", Tabl e 1 ) which includes hornfels, quartzite, slate, 
greywacke conglomerate and basalt is up to 1100 meters 
thick and contains an Upper Ca~brian fauna (Bradley, 1962). 
2.2. 4 Other Stratified Rocks 
Rocks whic h do not fall within the "assemblages" 
discussed occur in the western Avalon Zone (column ''A", "B", 
and "C " ; Table 1) , These deposits are sub-aerial to lacustrine 
in nature and are Devonian to Lower Carboniferous in ag~ 
(Widmer, 1950; S'rong et.al., 1978b)._They typically include 
_.r 
red, brof., -and·,·grey conglomerate, sandstone, shale, and 
mudstone)with minor limestone . They are contained i n the 
Great Bat de l'Eau (JOO meters), the Pools Cove (1500 meters) 
and the C~les ( 4JO meters) Formations in the Fortune Bay 
' area (W illiams, ~71) and the Terrenceville (J OO meters) and 
Spanish Room (244 mete~s) Formations on the Burin Peninsula 
(Bradley, 1962; Str~ng et.al., 1978b). The Cinq Isles Formation 
is unconformable on Upper Cambrian strata , 
2.2.5 Uncertainties of Correlation across the Avalon Zone 
It appears that "the environment p f deposition" approa.ch 
1c ~· 
of King et . a l. (1 974 ) is a useful method of describ ing the 
geo logy of the Ava l on Zone. As described by Taylor (1977) 
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this approach is particularly appealing since it does not 
rely heavily upon absolute or rela tive ages. Age estimates 
obtained thus far are controversial (eg. Anderson, 1972: 
Greene and Willi~ms, 1974; Hughes and Bruckner, 1971). 
Anderson (1972) used stratigraphic .ffieans to infer an 
age span of 800-600 m.y. for "Lower Assemblage" rocks of 
. ' 
the central and eastern Avalon Peninsula. A thick "Middle 
Assemblage" sequence intervenes between those rocks and 
fossiliferous Lower Cambrian s trata . This limi t s the "Lower 
Assemblage " and probably much of the "Middle Assemblage " to 
the Hadrynian. Radiometric (Rb/Sr) age dating has given 
anomalously young ages f or the Precambrian volcanic r ocks 
(Fairbairn et.al., 1966 ), This has been attr ibut ed t o t he 
metasomatized nature of the volcanic rocks sampled (Mal pas, 
1971: Hughes and Malpa s, 1971). Corm i er (1969) . ~orking 1n 
rocks of similar age (mainl y granites) on Cape Bret on 
· Island a t t r ibuted s uch anomali e s to an "updating" effec t 
of the Acadian (D evoniar) Orogeny . Suc h ar gument s prob~bly 
a pply t o gr anit e s in tr.e Avalon Zone (in Newfound l and) as 
'-well (see sec. 2.3). 
There i s at present s ome controversy conc erning t he 
placement of the Cambr ian-Preca mbrian boundary (Fl et cher, 
1972; Greene and Uill iams , 19?4). 
A co-exist ence and/or sequential development of wi de l y 
con tras ted subaer ial and subm~r ine t e r ra ins c l early pJ.ayed 
an important ro l e , i n particu l ar , ·i n the "Lower A sserr.blage " 
histor y of t he Ava l on Zone . More detailed work is requ i r e d t o 
\ 
\ 
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claTify these relations which wlll figure promine nt ly i n 
future ~odelling o!· these rocks. Indeed with the present 
unders tanding of these strata it is clearly impossible to 
draw time l ines within the Preca~brian section. Correlation 
of ·the various sequences and their~ontacts is therefore 
of limited i f any time significance . 
2.) Intrusive Rocks of the A~al on Zone 
Thes~ rtJcks have been described in detail by Bradley 
(1962), Jenness (196J), McCartney (1967, Earning (1965), 
Hughes (197] ), O'Drjscol l (1973), 7eng (1974), Stron~ e t . a l . 
0974a ), Strong e t .al. (1976), and Hussey (1978.). Hence, 
only a brief review as it relates to the re~ional s etting 
of the host rocks is given. 
Maj or intrusions in the Ava lon Zone appear divisib le 
into two distinct su ites which ~ave apparent ages of Late 
Precambrjan and Devon ian t o Carbon i fe r ous respect ively 2nd 
range in compos iti on from pera!kaline granit e to gabbro . 
Alka l ine or suba l ko.line gran ite i s the most c ommon phase 
(Strong et.al., 1974a). 
The earlier su ite is typif ied by t~e Holyroo d granite 
{574 + 11 m.y., Rb/S r who le r ock : r.1cC artney et.al., 1966 ) on 
the Avalon Peninsula. There is s ome controversy as t o 
whether i t is geneti cally rela t ed to the Harbour Ma i n volc anic 
rof~_which it intrudes ( i . e . r.~ccartney, 1967: St rong a nd 
.,_... 
Nina tidis , 1976 : Hughes and Bruc kner, 1971). On th~ wester~ 
Aval ~n Zone, a suite of textura l ly nnd a pparently 
'· ., 
compositionall~ related foli ated composite plutons occ ur 
almost exclusively wjthin the I.ove Cov e volc a nic terrain . One 
o f these, the Swif t Current Granite (N orth ~ rn Bigh t granite 
of Jenness, l9nJ) !";as be e n d8ted a t _)00 :!:_ J O m._y . (Rb/Sr 
whole rock, fJl.S . :·!.D. 12. 8*, Eell e t.al., 1 9?6) . However, as 
indic a ted by Bell et . al. (1 976) , the hig h fli . S.t·J.D. sheds 
doubt on the statistical val i d i t y of the i sochron. Hussey 
(1 978 ) has suggested on the bas is of field e vidence (see also 
sec. J.J.i.J ofthic thesi s) tr.at these granites a re genetically 
and chronologically re lated to the Love Cove Group. Therefore, 
a late Precambrian age i s tertatively i n ferred f or t hese 
gr anj tes. 
A number of large, d ~ scordant, p·ost-kinemati c , grani tic 
plutons occur 1n the western Avalon Zone and some of these 
straddle the Ga nd er-Aval on Zone boundary (see Jenness, 196); 
Bradley, 1962; ~illiams, 1967 : Hussey, i 978). These hav e been 
dated as Upper Devonian-Carboniferous ( B e ~ l et . a l., 1976) , 
They incluC.e t he Ackley bathol j t h ( )44 _:!:: 8 Ma, Rb/ Sr , 
M. S , \I'J . D. 1. 8); the Terra !'; o va gran ite ( JJ5 + 18 Nia , Rb/S r, 
M. S . W.D. O.J), and the St . Lawr ence gran ite ( J 15! 8 Ma, 
Rb/ Sr, M.S.N. D. J.2) . These gra n ites s how some c hemica l 
d i fferences f ro m the earl ier sui te o f plutons (Strong et. al ., 
1974a). 
2 . 4 S tructure of· the Ava l on Zone 
The s tructure of t !'.e Av "l 1on Zone is BOmew ha t enig;matic 
*mean square of weighted deviates 
I 
I 
I 
I 
I 
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and h~~ heen described jn terms of twn ages of defo~mati on . 
Thec;c arc a l ate Pr~Cc1 mbr i ar. (Avalon i an ) and a r'!Jre prom\r.ent 
Pal a0ozoi~ (Acad ian ~ ) e vent ( Li lly , 1966; Hugh e s , 1972 : 
\'!tlli·tr. ~~ [~t.a loc, 1974: Younce , 1971 ). 
The lat e Precambri an "Aval on i an orogeny"• wa s originally 
named by Lilly (1966) on t he b as is o f fi elrl evid e nce on the 
Avalon pc:-~insula . Hugrcs 0970 ) con sidered the "Aval onian 
oro~eny' ' i n terms o f calca lka l ine v o l cani sm , plutonism, 
sediMentat ion and vert ic ~l faultinE . However, h e i ndic atcj 
that " fea tures indicative o f c ompres.sion are absent or 
subord i nate " . On the Avalon peninsula the m:1in features o f 
th1;, earli e r dcfor:-!lati on i n c lude op e n fold s . .vit ': s t eep 
cleavage , hig h a nEle faul t ing with associ a ted grav i t y sl iding 
and transr,ress ive-regr essive events (McCartney, 1969: Papez i k , 
1970 : Kinr, et . al. , 197L1-). This so-called "A\'alon iar: orogeny " 
is r ecord e d in a :-umber o i' u nconformitie s which occur 
throu?Ju:mt t he Avalon Zone e i t h er wit it in t he Preca.!':"t!n ·i. a.n or 
imncd i a te 1 y benea tft basal C;,_ :i:br ian r oc ks. These a.p)' ,(' ::tr to raPP:,E~ 
wic.lc1y in aee a nd t .12n.:l. t o separate dist inc t seqt; e nce s . They 
i.nc: lud e the Holyrood gr a n i t e- ·::Jasa l Ca mbr i an n onc o::~fo rm ity 
on T'ianu els River (Rose, 19 .52 ), t he Harb our rJ i n - Conc e pt.i.or. 
uncon f ormity on Coll iers Bay , t ~~ Harbour Mai n Group - Lowe r 
Cambrian unconformity west o f Co l l iers Bay , and the Conc e p t i on -
Lower Cambrian unc on f ormity at ~ aeon C~c (T~~cC artne:: , 1967 ) , 
.'the "H. D. Lilly" unconform i ty b e twe e n the Conc e p t ion Rnd Cab ot 
Gr oup::; ( Ande r s o n P. t . al. , 1976 ) , C o::~nc c ti.nr, Po in t - T·lusc, r·av c ~ towr; 
un c on f ormity at J'l~ilner ' s ~ovc (Haye s , 191}8 ) a nd a s.i.m i. lar 
t .· 
Pier-re- Bel1f:' ?3.:; ur:confo r n!:. e<':.: Gr·and l e Pierre, F'ortur·.~ 
. 
Be1y (Br:;dlcy, l <j ~ 2 ), the B,.;ri; ~:r01J~·- Ca r:,br1nn unccn forni. t:,· 
on the southern Burin pen ins~ l ~ (S tro~g et.al., 1978b ) e1nd 
< • ~ I 
the f·lusgravetcn:n- ~ando:il u ne; ~, :-.f' 'J :-Mity on the C::J.pe St. Mary'p.t~~f:.' 
pcninsuln. (Fletr:~cr , 19'/2 ) .. Furt:·~ e~, in t he ':-'estern AvaJ o n ~ · 
Zune, Jenness ( i.9GJ) u~ eu th~ occu r-ce:~ce uf sc h is tos e 
detritus in b<:!.sr:.l r.'usgravetow:. Gr oup conglomerate:-: t o in fer .. 
a late Preca~brian regional deformation of the Love Cove 
Group. !!owc-,rcr, Younce (1970) ::J:-:d ~·:llliams et . a l. (1972 ) d i d 
not regard th0 schistosf:' dctri:us as s uffici e n t ev i dence t o 
alter their view that t~e defo r~ati~n was Pa laeozoic (Acad~an ) 
in age since all rocks in t he regio~ , Preca~brian through 
Ord ov ician, contain but a s i ng l e penetrative foliati on . 
In e.cnera l ' Acadian ( '~) st~'UC t Tre in the Aval on Zone 
fold s with a st~cr uxiql p la~ar ~ l eavaec . Thi G ic th oueh~ t o 
In the sout!:w ~~;~r~ rr, Av?.lon Zur:•: east - -to s outho2st- d irected 
overturning a nd :o:JS~oc iatP.d t'l?-ustiq', dom i na t P. the presumed 
Ac a dian structu~e (O ' Drisco ~ l . ~978 ; Stron~ et . al ., 1976 ). 
Older Prec ar.1b rian f avlts wer e pc:Jb:!:C l :.' roac t iv:=~ted durin r. 
the Acart ian even t (l/alpa~ , 19'12. ) . 
In sumr:1ary , i t app~";"Jrs t 1.c:':. Aval o~. Zone f,eology i;; 
characterized b; A c8Jla~ s :r~ c ~ ~reG superimposed upon 
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defvnff'atio::~ l c·nmtc; 'h:-i::.: l:-1:(: PrPc <lmbrin n time occu rred 
OVf~ r :1 widP t i r~. r~ intP.rvP. l , a :cd ~n d if ferent parts of the ~ 
Avalo~ Zon8 a: dift~rent ti~es, and perhaps the term orogeny 
shou1 -l not be u~;~ rl r;crA". 
2. 5 S um~TJ1.ry 
A nu~ber of models ~ave been proposed for the late 
Proteroioic develop~en t o f the Avalon Zone (Papezik, 1970; 
:; 
Hue,hes Clnd Bruckner, 197: ; •.:alpa·s, 1 971 ; Stronr et . a l., 
1978b ; StrcmE ar~ -J P ina~ij es , 1 9 7 6 ; Tay lor, 197?). However, 
ail Of these S l~ :rer fr o ;:, tr,o lack Of both detailerl geologic 
inform::1t i cm ;:rnd r.o~.p-reher.si·;e petroc hemic a l data on a 
regional scale and t he apr arent ambiFuity of the relati ons 
betw een so~e r~jor ~roups . :his ~ l ong with the lack of 
u n \ts dif f i c ul t . 
~~L, ·:~ :i(~ I' ~ 0 ~ ·; r; lcJ.r,: s :1 c ommenc.:ucl i n 
.. 
t he Ava l on Zon0 r~~~ ~ p ~ =:c ~ . y . ~~o . 7he type o f C l "USt upon 
which this occurr ed is >; .) : r:r. o·:l:! t o o ut2P.:- p 1n the 
Newfoundland Avalon ZOA 0 . Tt is i n te~preted as c ontinen ta l 
cru~t by Papez il<: (-~ '17 ·J , 19?3:: , 1974) ar~d Strcme, ct . a. l. 
(1974a , 19?4b , 19 7 Bb ) anJ a~ ocean i c c ~~st by Hughes and 
Bruc kner { 19? 1 ), Hndf,ers ( ._'!72) ~r. ri Yow1c0 (1<)7 1) . Tn t h 0 
p resent au t hoc ' := v i ~w . tr :e a f e_ relat i or1 ~ o f these \"CJl cani c 
rocks (ef, . Hn~b.') IJ : f·'a1r . •. 3 u l: A~:-1, f•1a!'ystowr·) frc r1 east 
-
f· 
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Varine sedimentition and subordinate submarine (mafic ) 
---.:__ volcanism fol lowed or in part accompanied the subaerial 
' silic ic volcanism: There were volum:inous outpourings of 
submarine tholeiit i c mafic lava in the southwest (Strong 
.. 
et.al., · 1976; Taylor, 1977; O'Driscoll, 1978a). The mar ine 
sedimentation and volcanism (Conception and Connecting 
Point GroupR) occurred in deep .· north.:.trend ing troughs 
which , alternated geographically with the subaerial terrains. 
: , . When the subaerial volcanism ceased or waned the terrain was 
covered by marine sedimentation. These sedimentary rocks 
are relat i v e ly thin ( eg. Andersons Cove Formation) or 
non-ex:istent in t he west as opposed to the v ery thick 
accumulations of the Connecting Point and Conception Groups 
in the c entrql and eastern Avalon Zone. 
The marine sedimehtary rocks appear t o shoal upwa rd s 
sugges-ting an infilling of the basin and prevalence of 
shallow water or fluviatile envir~nments. The det~tus was 
derived largely fr om older rocks uplifted on major faults 
which may hav~ ·been active during volcanism (McCart ney, 1969; 
Papez ik , 1970; Hughes .and Bruckner, 1971). The t ime of 
trans ition from a marine to a subaerial environment probabl y 
varied ' from area to area.The fluviat ile/subaerial 
sedimentary rocks appear to b e thickest in the e<l.st and t h i n 
in t he southwest (Rencontre For mat ion) . At le8.st in the 
we s t , th e r e was a renev1al o.f subaer i al, but dominant l y 
mafic, volc anism (eg. f/lortieT Bay Group, Mooring Cove 
Format ion) whic,apparcnt ly a c c ompa nied or preced ed the 
/ 
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terrestrial sedimentat i on. This probably resulted, in part, 
from structuraJ doming or uplift. In the east, McCartney 
(1967) described a mafic volcanic unit at the top of the 
Earbou:c J.1ain Group (Coll i ers basalt of Papezik, 1974) . It 
could be eq uivalent to the Mortier Bay Group. 
Gra:ti to id plutonism probably accompanied the silicic 
volcan ism in the west (eg. Swift Current granite) but was 
apparently somewhat later in the east (Holyrood, 574 2:. 11 
Ma, 1\'lcCartney et.al., 1966 ). 
I n latest Precambrian to middle Early Cambrian t i me 
( depe:1ding on location) a number of marine transgressions 
o c curred, which were followed by local rna fie volcani sm in 
the Mi ddle Cam brian and widespread marine sedimentation 
into the early Ordovician (McCartney, 1967; Greene and 
';i i ll iams, 1974) . 
S ilurian and Devon ian times were marked by compressive 
stresses oriented Ni -SE followed by post-kinemati c gran i tic 
pluton i sm . La p ses i n this plutonism were ma rked in the wes t 
by alluvial :fan de p osition (Wil l iams , 1971). Gran i tes were 
emplaced as late ~~ Tlliddle Carboniferous (St. Lawren ce 
Granite ). 
Except :for erosion and Pleisto.cen e g lac i at ion 
the only r ecorded ev ents s :'._nce the Palaeozoic may be the 
intrus i on of some Mesozoic dykes (Papezik et.al., 1975). 
2 . 6 Regional Correlations 
Apparent equiva len ts of t he Newfoundla nd Av a l on Z one 
\ 
I 
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occur to the southwest on Cape Breton Island ( Fourchu Group; 
Wiebe, 1972; Helmstaedt and Tella, 1973), southern New 
Brunswick (Coldbrook Group and Ratcliffe Brook Formation; 
Rast et al., 1976), Massachusetts and Rhode Island (Middle-
sex Fells and Lynn volcanic rocks and Dedham granodiorite ; \ 
Kovach et al., 1977; Skehan et al., 1978) and the extensive 
carolina Slafe Belt of~ southern Appalachians (e.g. Sinha 
and Glover, 1976; Williams, 1978). High-grade igneous and 
metamorphic rocks form a basement to the late Precambrian 
rocks on Cape Breton Island (George River Group; Wiebe, 1972) 
and New Brunswick (Greenhead Group; Rast et al., 1976). 
Such rocks have not been observed in the Avalon Zone of 
Newfoundland. 
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CHAPTER 3 
GEOLOGY AND PETROGRAPHY 
3.1 -INTRODUCTION 
The study area is underlain by vole an i.e, sedimentary 
and intrusive rocks of late Precambrian age. The volcanic 
and sedimentary rocks belong to three major groups: the Love 
Cove Group, the Connecting Point Gro..1p, and the Mus~avetovm 
Group. 
The recognition of a true stratigraphic sequence in 
the map area is greatly inhibited by structural complications. 
Hence, these rocks have been subdivided mainly on a 
lithostratigraphic basis, although structural and lithologic 
criteria can be used to infer a depos i tional chronology. 
Remapping of the area on a more detai l ed scale than the 
-, 
1:250,000 mapping done by Jenness (1963) has thus made i t 
possible to refine and revise his stratigraphy. The reader 
is refe rred to the accompanying 1:25 ,000 map (Fig . 1) when 
reading the descriptions of the strat igrc;_phy of the area. 
The numbering on Fig. 1 should not be taken as a s t ric t l y 
/ 
chronologie des ignation because several of the units appear 
to be facies equivalents. 
3. 2 STRATIGRAPHIC REVI S IONS AND NE'l FORMATION NAMES 
As in<iic~ted above, jenness (1963) defin e d a number of 
a lternating , n,o'r.th-south trending , faSt-bound ed bel t s of 
Love Cove Group and Musgrave tovm Group rocks in the Bonavi sta 
Bay area, Portions of all these b e lts occur in the present 
map - area as do es the t ype s ec t ion of the Love Cove Group . 
I 
\ 
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Strata to the east of the north-south fault passing through 
Charlottetown and Bunyan's Cove (Charlottetown Fault of 
Jenness (1963)) were originally included in the Musgravetown 
Group (Hayes, 1948; Jenness, 196J) and their status is here 
maintained. However, a sequence of red-beds and volcanic 
rocks in the western portion of the map ·area previous l y 
referred to the Musgravetown Group by Jenness (196)) is 
here informally renamed the Southwest Ri~er Formation and 
included within the expanded Love Cove Group. Th i s 
redefinit i on is based upon new struetural and stratigraphic 
information to be discussed in a later section. Hence, the 
Love Cove Group is expanded both in area and strat igraphi-
cally and is divided into three ma j or lithostratigraphic 
units, each of formational rank. 
1. White Point Format i on - This formati on occurs in a 
north-south trending belt and it is defined as that sequence 
of rocks of largely pyroclastic origin whic h c rops out 
along -the shores of Clade Sound from the area of the 
Narrows east to the Charlot't etown Fault. Rocks inc luded i n 
this f ormati on al so cr op out in the wes t ernmost portion of 
the field area on Northwest and Salmon Rivers. The type 
l oca l ity of the Love Cove Group (Jennes s, 1963) lies wi t hin 
this area on the south shore of Clade Sound. The name is 
t~ken from White Point, a prominent headland on the nort h 
shore of Clode Sound. 
2 . Thor burn La ke Formation - This forma t i on occupi es 
a na rrow north-trending b'el t which flanks the White Po:ivlt 
Formation to the west. It i s a sequence of variab l y deformed 
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volcanogenic sedimentary rocks and tuffs which are best 
exposed along the shores of Clode Sound. However, the only 
stratigraphically continuous section (i.e. consistently 
facing) occurs along the shores of Thorburn Lake in the 
southwestern portion of the map area (Figs. 1 and 1.1). 
Together, these two formations closely approximate 
the Love Cove Group as outlined by Jenness (196J). 
J. Southwest River Formation - This is the sequence of 
red-beds and voicanic rocks that crop out around the head 
of Clade Sound and which was formerly referred t o t he 
Musgravetown Group (Jenness, 196J). Good exposures occur 
in the Northwest Arm area of Clode Sound 1 but there is less 
structural complexity and repetition of strata (Fig. 1.1) 1 
(although not in continuous outcrop) 1 in the Southwest 
River area of Thorburn Lake. 
East of the Charlottetown Fault, the Musgravetown 
Group (Hayes, 1948) has been stratigraphically subdivided 
by Jenness (196J) who defined and outlined the basal 
Cannings Cove Formation* 1 the overlying Bull Arm Formation 
and an undivided unit. These subdivisions are here modified 
and refined with the introduction of new informal names for 
the volcanic sequence and the overlying red-beds. 
The Cannings Cove Formation is here expanded to 
I 
. 
include red conglomerates and mi nor basal tic flows previous~y 
included in the lower portions of the overlying Bul l Arm 
Formation. The contact between the t wo formations is placed 
*The type localities of both the Musgravetown Group and the. 
Cannings Cove Forma tion l ie i mmedia tely southeast of the ' 
map area. 
\ 
l 
I 
t 
- )8 -
at the base of th e overlying dominantly volcanic sequence 
(i.e. at t he t op of the highest significant occurrence of 
conglomerate) . Th is i s in contrast to the def i ni t i on of 
these formations in this area by .Jenness (196J) who placed 
the contact between them at the lowest st~atigraphic 
occurrenc e of volcanic rocks, The basal tic flows, which 
occur i n Milner's Cove on the southeast sb.ore of Clade 
Sound, are volumetrical l y quite subordinate to t he 
cong lomerates and are not continuous along strike. 
The term "Bull Arm Formation" is dropped and C l ode 
Sound Formation tent atively suggested for the sequence 
of ma1ic and silicic volcanic rocks and minor sedimentary 
rocks which overlie the Cannings Cove Formation on Clade 
Sound wher e it i s well exposed, Thi s change is due in part 
t o the uncerta inti es of l i thostratigraphic c orrelations 
with the t ype area of the Bull Arm Format i on as well as 
. 
to s ignifi cant diff erences in chemistry be t ween availabl e 
data on t he B~l l Arm Forma tion - of the typ~ area (Malpas , 
1971) and the volcanic rocks described here (s ee Chap. 6 ) . 
I 
Al t houg h thi s is not in stri ct accord with t he c ode of 
' 
strat igr~phic nomencla ture, it a ppears j us t i f ied at leas t 
a s a terrporary measur e . · 
J ehness (196J ) i nc luded sed i mentary r ocks l ying 
confor~ably above t he volc anic seque~ce in ··his undiv i 
unna m1d un i t . These roc ks , whic h ar e i n fa ult · c ontac 
with 4he Lov e Cove Group on Clode Sound , are di sti ngu i shed 
and tentativ ely named the Char lottet own Format i on . Excellent 
''· 
~ 
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coastal exposures occur in the C~arlottetown area. / I • 
A foliated granitoid· plu~o~, not previously mappe~/~ 
. occurs in the · southern portion /of the map area and has/ 
I 
intruded volcanic rocks of t 
is well exposed in the 
Georges Pond pluton. 
STRATIGRAPHY AND PETROGRA 
This section is devQt 
descriptions of the rock 
An attempt is made to 
and mode of evolution of 
characteristics. 
).) LOVE COVE GROUP 
White Point Formation( It 
Pond area and is nam~d the 
I 
I 
I 
I 
I 
I 
megascoRiC to miqroscopic 
I 
and their contact; relationships. 
I 
the conditions ?f .deposition 
; 
rocks in terms of ;these 
I 
i 
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The major part of this formation is volcaniclastic 
with a minor epiclastic component. Flows and possibl y sills 
make up a lesser but significant ~roportion of the sequence, 
in particular in the Blue Hills and Blandford's Ridge where 
the rocks include a few possibly sub-volcanic i'ntrusions. 
The forma tion is perhaps 75% pyroc lastic in origin. Dal Bello 
(1977), mapping immediately to the nGrth, f ound its 
correlatives to consist almost entirely of felsic w~lded 
tuffs, nonwelded crystal tuffs, and mafic tuffs. Flows appear 
to be much more abundant to the south, both in the Tug Pond 
area (Je;-1ness, 1963) and 1.n the Sound Island sheet (Hussey, 
1978a). 
These rocks generally display a steep penetrative fabric; 
due to the common lack of primary banding or bedding , onl y a 
few tight to isoclinal fold closures can be recogni zed. 
Chlorite and sericite schists are common. These fe 2.tures, p lus 
.. 
a lack of reliable top ind icators, make the establishment 
of a stratigraphic sequence and meaningful thickness est imates 
virtually impossible. Jenness (196J) estimated ~ minimum , 
15,000 ft. (457J meters) thickness for the whole of the Love 
Cove Group. This figure cannot really be. t ested. However, in 
the case of t he t·fhi te Point Formation, the true stratigraphic 
thickness appears to be much less than the structural 
thickness. In the 1 ight of the above, only a litho 1 ogi caL 
characterizatio~ can be attempted here. 
J.J.1.2 Terminology 
As used in Fig . 1, "li thic tuff" is used as a general 
I 
I 
':.:· 
.,., 
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term to describe pyroclastic rock~ composed predominantly 
of lithic frag~ents regardless of size. Crystal tuff 
indicates a high proportion of volcanically derived crystals 
while a combination of the above ::~odificrs indicates the 
relative proportions of either clast type (i.e. lithic-
crystal tuff indicates a predominance of crystals and vice 
versa). In these detailed descriptions, terms used for t he 
various size fractions are those defined by Fisher ( 1966) 
and those terms applicable to ignimbrites are used in the 
sense 6f Smith (1960) and Briggs (1976a). 
J,J,l.} Geology (la) 
Many of the primary features associated wi th particular 
types or styles of volcan i clastic or pyroclast i c a ccumula t i ons 
have largely been obl~terated or masked by the tectoni c 
flattening, lower greenschist metamorphism and matrix 
recrystallizaiion. However, fragment siz e , size ~istribution, 
fragment composition and its relation t o matrix c ompos i t ion 
are all useful i n t he study of these deposits. The c l ast 
population is entirely of volcanic or sub-volc~nic origin. 
In general terms, these rocks are c harac terized by an 
interc a~tion of chloritic to serici t i c , relative l y sc h istos e 
versus relat i vely massive silicic tuffaceous bands which- may 
be up to 20 ·meters t h ic k (Plate LI). Rhyolite and les ser 
/ 
mafic to intermed i ate flows or s i lls are in t er bedd ed on a 
similar scale; th i ck (up to 50 meters) maf ic to intermediate 
dykes are common. 
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.Plate II: Typical coastal outcrop steeply dipping sericite 
schists of the White Point Formation. Field of 
view approximately 20 meters. North shore of 
Clode Sound. 
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Purely for de s c r i ptive purpo~ es ~his member is separi ted 
into four l it ho log ic units. T~ ~sc a re: 1. Agglom~cate s, 
lapilli tuffs and ash tuffs ( o f ?arlable compo si t i o~ ). 
2. Silicic pyroclastics ( man2: of vlhich may be of ::osh fl o·;, 
origin), J. Lava flows, 4. Par t ially ~eworked (in par t 
epiclastic?) deposits. 
1. ~omerates, lapilli t.1 ffs ann ash tuffs: Severa l 
varieties of tuff or agglomerat e with a prominent sil icic 
component comprise a considerab le portion of the secti on. 
The fin e - grained, recrystalli zed matrix of the tuff3 
and a gglomerate s is commonly sc r.istose and ranges fr om da r k 
g~een , chlori tic and mafic to grey- ~reen or cream , s eric i t ic 
or s iliceous and s ilicic in composition. Blocks or lap ill i of 
silicic composit i on are prese~t i n variable proporti on in nll • 
types of matrix. Mafic l apilli are more ahun rtant i~ t he n~fic 
tuffs but are r elatively sparse i:-t the s ilicic t u ffs. Tr.ey 
m3.y be fla t;tened or 8qu idirner:s::C1:--12l, dark to lir,ht ('.::· .; ..... ,, 
and composed large l y of chlor.:.t '? and/or epidote . Alsc Cr' :': :-n r' :· 
in th e r~afic t uffs a r e purple t o 8 l ack, aph:tni -: ic fr:::g!"!n.:, t s 
l ess than 1 c r1 l ong , rich i n o p~-:;,ue min er als . ~JI'1 i t-.e 'to p i rf. 
sadie plagioclase crystal :; ;m el cr~/ Si.. 8. l fr a{',mP.~ ts (- 2r,:;) :1r.d 
m1nor sutured q uartz grains 2.r8 common . F inc c,r<! i :-t{!:l !"''a f >: 
tuffs devo id of lapi lli l oca:ly show f ine band inr or 
l a mination less tha t 2 em th\ c Y. .. f':i c h rna.\' 1:c rlpf j :wd i r. p:1 r+.: 
by c onc entration~ of pl::l.giocl"' S<' (: r ,v st:1.ls . 7hesr t c.; f::..; ::r0 
locall y interbcd1cd with t ext ur ullj similqr cre3 ~ - co ·~ ured 
fe l sic t uffs containin~ apprc c i ~ ~lc a moun ts of pyr~ ~e . 
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these fraBren t s hav~ rae~ ~ d. irregular tarrnina ti~ns and are 
probab ly co1lap:;cdr~c/or flattened pum ice l a::Ji l li (Plates 
.I 1I anci IV) • 
A common rock type contains up to 25% aphanitic, pink 
t o rrey , tabu lar rhyoliti : blocks up to )5 e m long in a 
chJ oritic ~atrix of rafic ~r intermedi a te co~position, along 
with mafic lapi lli an ! ~ r~stal fr agments ( Pla~e V) . These 
rocks make. up 2:J - z s;, o: :~e s o·1 t>ter:J shore e:(posures of 
thin form::Ition and '1re pr :J :tiner.t on the nor'.: '. shore of Clade 
Sounrl e~st of Yudlc :o~~ . They appear to b~ · con t ~ nu o~s along 
sou t~: t . .. ·· r · ·· • . . .. ..4 . s ~ ~ ~~~r depa ~ i ts have been 
"1: .i l q v P C c- •!f; G:-.> ups or the 
~~~crib~d fro:~ ~ r:~~. ~P~ ~ ~ re c c~ ~ ~ o lc n ~i c t rrra i~ s and t heir 
-.. . ' . :--: ~-· -· . r•· .... 
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Plate III: Deformed lapilli tuff (la). Note ragged, 
probably collasped pumice lapilli beneath 
pencil. South of Clode Sound. Pencil 7 mm 
thick. 
Plate IV: Deformed lapilli tuff (1a) with mainly silicic 
fragments. South shore of Clode Sound. Pencil 
7 mm thick. 
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Plate V: Deformed lapilli tuff (1a) with pink rhyolite 
fragments in relatively mafic matrix. Bunyans 
Cove. Pen 15 mm long. 
Plate VI: Schistose agglomerate (1a) with quartz diorite 
block. Loc. 51, south shore of Clode Sound. 
Hammer approximately JO em in length. 
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mechanism. The state of preservation of these rocks does not 
L 
permit a clearer definition of t heir origin. 
West of Loc. 51 on the south shore of C lode Sound 
individual units are about 3-4 meters thick and inc l ude 
dark g;rey to black silic ic agglomerates which cons i st of 
aphanitic, locally plagioclase and quartz-phyric rhyolitic 
blocks up to 1 meter in length. These occur in a sch i stose, 
chloritlc-sericltic , or more siliceous matrix. Less abundant 
mafic flows up to 5 meters thick are also present. Very coarse 
poorly sorted agglomerates and serici tized ash tuffs occur at 
Lac. 51. The agg l omerates consist of red, white or grey to 
purple rhyolitic, andesitic and lesser granitic fragments, 
averaging 5-10 mm across but rang ing, ln seriate fashion, from 
matrix size t.:p to blocks 60 em across in beds less t han 
1 meter th i ck (Plate VI). The fine sericitic fabric deve l oped 
in the rna trix f orms augen around the fragments. Similar 
deposits occur at the tip of the peninsula bet~een Peter's 
Cove and Bunyan'•s Cove and west of Georges Pond. The granitoid 
blocks in these agaomerates petrographically appear to be 
derived from hi~vel intrusive rocks, very similar to the 
various components of the Georges Pond granite. Hussey (1978b) 
reported s i milar relations to the south between the Swift 
Current granite and the Love Cove Group , and along with o ther 
field data, used this as evidence for a genetic l i nk 
between the granite and the volcanic rocks. Geochemical 
studies in the present map area further support thi s contention. 
East of Yudle Cove t here are several units of coars e 
I 
.. 
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volc anic breccia up to 100 meters thick composed mainly of 
clos e l y packed, angular, black to red, rhyolitic t o basa l t ic 
blocks ranging up to J Ocm across. The mat rix i s c omposed of 
variable proport ions of chlorite, sericit e, quartz and 
minor pyrite. 
Locally, "banded volcanogenic cherts" are present, a s 
well as light grey to cream, very fine-grained finely 
laminated cherty tuffs forming beds up to 7. 5 em thick. 
2. Silicic pyroclastics: Aside from the Blue Hi lls -
Blandford's Ridge area , these rocks (largely li t hic-crysta l 
tuffs) appear to be the most widespread in the map ar ea. 
These white to light green -weathering r ocks appea r to have 
been deposited bot h by ash flow and by air f al l proc esses , 
possibly i n both subaeria l and subaqueous environments 
although, i n general, there is l ittle evidenc e of rework ing . 
Due t o tight fold i ng and metamorphism i cul t t o 
estimate the re l at ive importance of either mo o f 
empla cement . 
Crystal (and vitric) tuff s (Plate VI I) witH n umerous 
lithic ~orizons are dominant. The matrices vary from s chi s t ose 
1 
with ser i cite and chlorite to relativel y s il iceous and massi ve. 
This association of crystal tuffs wit h coarse l i t hic horizons, 
fl a ttened fragments and flattened, translucent, s i l iceous 
shard - l ike f o rms local ly over 1 e m long (Plat e VI IIr s upy0rt 
the int e r pret a t ion of an a s h ,fl ow ori gin . The tuffs c onta in 
v ar iab l e proportions of whi te sodic pl agi oc l a s e and quartz 
crystals up to 4 mm and wh ite weat hering, grey to p i nk 
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"Plate VII: Typical felsic crystal tuff (1a). North shore 
of Clode Sound. Pen cover J em in length. 
Plate VIII: Ash flow tuff (1a). Note large block of 
porphyritic rhyolite. Note shard like forms 
in matrix. Field of view approximately 15 em. 
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apha~ itic silicic fragments ranging up to 8_cm, but locally 
reacr. i ng 30 em in length. However , most lithic fragments are 
less than 2 em across and are mainly betweQn 1 mm and 1 em. 
This .ls approximately the range described for many ash flows 
(Smith, 1960~ ~'Jalker, 1972). Lithic zones are commonl y J-4 
meters thick and locally contain up to 20% of medium grey 
collapsed ar.J/or flattened pumice lapilli with ragged 
. . 
terminations (fiamme). Scattered mafic fragments are up to 
5 em long. A fine (up to 3 mm thick) banding in some tuffs 
could be the result of post-depositional vapor-phase 
crystallization (i.e. axiolitic crystallizat~on of Enlows, 
. 
1955), This banding locally defines small scale tight folds 
(Plate IX). 
On the TCH, 2 km southwest of Charlottetown, abundant 
purple to grey, flattened silicic lithic blocks ( ....... 30 em long ) 
occur in a light yellow schistose mrlrix rich in shards and 
.cryste.ls. Some coarse silicic breccias with fragments up to 
50 em long lie south of Clade Sound. Concentrations of coarse 
lithic blocks (:.)0 em in diameter), such as are presen.t in 
the ~·lhi te Point Formation, have been interpreted recently as 
"co- ignimbrite lag-fall deposits", pro~imal airfall deposits 
associated with ash flow eruptions (Wri~ht and Walker, 197?). 
In the Blue Hills and Blandford's R1idge , sil icic breccias 
are l o cally common but may be difficult 'o recognize because 
of the similarity of fragments and matrix, The fragments are 
usually angular and up to several c entimeters across . One 
"patch" of rhyolite is flanked by a tuffaceous phase of 
} 
' 
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·Plate IX: Tig·htly :folded thin compositional banding in ash 
flow tuff (1a). North shore of Clode Sound. 
Pencil approximately 15 em in length •. 
Plate X: Bedded crystal tuff (1a). North shore of Clode 
Sound. Pen 15 em in length. 
\ 
\1 
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sirnilar composition. 
The silicic tuffs are intercalated with bands (<1 meter 
tuff which locally 
1>. 
thick) of fine grairred 
define tight 
In most is not possible to estimate the 
relative importance of (syndeposit~onal) or tectonic 
I 
flattening these tuffi, althcugh locaily . 
it appears that strain been relativelf low. The amount 
of flattening could be lled by the/ proportion of 
fragments to matrix rheological jor competency contrasts 
between them. The achieve of accuta e estimates of the 
total amount of tectonic- fla tening re uires abundant 
reliable primary strain indic tors su as accretionary 
I 
lapilli (Moore 
compact i on effects 
may still be a significant c In addition, . 
metamorphic recrystallization 
masked the effects 
of welding and/or post-depositi phase recrystalli-
zation . 
tuffs are associated with these ignimbrites. They 
are graded from crystal ahd lithic nts < Jmm in diameter 
at the base down to ash-sized (Plate X). Non bedded 
the TCH, units of crystal tuff 2 mete 
with green finely laminated (-0.5 mm) 
. 
siltstones containing scattered quartz 
thick are associated 
volcanogenic 
ins and thin beds -
j 
! 
'· 
.; 
·, 
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qf very fine-grained sericite schist (silicic ash?) 
intercalated with bands of chlorite schist (mafic ash?) 
commonly 1 em thick. The siltstones and tuff$ sh~w some 
grading on a fine scale. They are very tightly folded and 
there is little or no evidence of reworking; however 
tectonically refolded slump folds are present locally, 
suggesting that many of these deposits are subaque()UB and 
were probably deposit~d in relative\y quiet water. This· 
association may well represent the various mechanically 
' . 
differentiated components of a series of ash flow eruptions. 
Such associations have been described by a number of authors 
from areas of recent and ancient volcanic activity (Roobol, 
1976: Potgieter and Visser. 1976). Also, the crystal 
enrichment and the relative depletion in the vitric component 
and vice versa, associated with'ash flows has been well 
documented (Hay, 1959: Lipman, 1967: ';.'alker, 1972: Sparks 
et.al., 19?3; Roobol, 19?6: Sparks and WafkeT, 19?7). In 
view of this and other complications, all of the above 
authors have discounted the concept that ash flows and their 
resultant deposits represent a close geochemical approximation 
to the composition of their parent magma, a point which wi ll 
be considered in chapter 6. 
West of Clode Sound, rocks typical of the White Point 
Formation conformably underlie red-beds of the Southwest 
River Formation; the best exposures of t he ' former, in that 
area, are found on Salmon and Northwes t Rivers. Ser icitic and 
lesser chloritic schist (lithic-crystal tuffs) are dominant. 
. ~ 
., 
· .  
,j 
~· 
... 
:?. 
·:·. 
j 
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Immature tuffaceous sedimentary rocks contain silicic 
detritus and sandy laminae; silicic agglomerates and "mixed" 
lapilli tuffs occur locally. A very poorly sorted breccia, 
occurring on Salmon River, may possibly be of laharic origin. 
The sub-rounded to angular close-packed fragments range up to 
1 meter across and include rhyotite and silicic tuff in a 
dark green chloritic matrix. Some rhyolite flows are present, 
and fine-grained diabasic dykes are locally prominent. 
}. Lava flows: Lava flows make up a S·ignificant portion 
of this formation. Although they form 1/~;- th'ah 25% of the 
coastal section, mafic and intermediate flows and dyke~ a nd 
. 
silicic dykes, tuffs, pnd lesser flows are the dominant rock 
types in the Blue Hills and Blandford's Ridge where they are 
well exposed. Since the contacts are commonly obscured, it is 
commonly difficult to distinguish between the flows and dykes. 
Along' the coast maf~ and intermediate flows appear much less 
numerous than silicic flows. However it is commonly difficult, 
in the field, to distinguish fine grained mafic tuffs from 
' 
flows due to metamorphic recrystallization. This 1 s also the 
case with silicic flows and thoroughly welded recrystallized 
ash-flow deposits. 
The Blu·e Hills are latgely underlain by ma-fic to 
intermediate flows and dykes with minor silicic flows an~ dykesa 
on Blandfords Ridge, silicic flows and tuffs may make up to 
4~ of the sequence. The predominance of relatively mafic 
rocks in this area is reflected in their strong positive 
geomagnetic expression (Geophysics paper 229, G.S.C., 1968). , 
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The rocks underlying these hills appear to represent 
the northernmost occurrence of sign ificant volumes of flow 
rocks in the Love Cove Group, while volcaniclasti~ rocks are 
dom)nant farther n orth. This was recognized by Jenness (196)), 
whose lithologic unit la outlines the distribution of mainly 
flow rocks while most of the volcaniclastic rocks were, 
• 
included in his undivided unit. 
Megasc opically, the mafic and intermediate lavas are 
difficult to distinguish and thus estimates of the relat ive 
proportion of these lavas would be tenuous. Both types may be 
intercalated on outcrop scale with rh~olite or related silicic 
t uffs. These lava flow s are mainly massive but are locally 
schistose: close-spaced rectangular jointing is commonly well 
developed. They are medium to dark grey-green, aphanitic t o 
fine (!,rained and locally a mygdaloidal and porphyritic. None 
of the amygdules are f l attened or elongated, and they rarely 
comprise m·ore than a few per cent of these rocks. They are 
locally up to 5 mm across but are generally much smaller and 
tend to concent rate in narrow bands. They are fill e d with 
epidote ar:d lesser quartz. The basalts are mainly aphyric 
but do include strikingly porphyritic phases which occur as 
dykes, probable flows and possibly minor shallow sub-volcani c 
intrusions. In such rocks, plagioclase phenocrysts are stubby, 
up to 8 mm long, subhedral to e~hedral, and make up to 25% 
of some flows ,while ot he rs are pr ismatic , up to 7 mm l on g 
a nd co~pris e up to 45% of some dyke s. The intermediate rocks, 
(ande0ites) are mor e porphyritic as a who l e but the plagioclase 
.. 
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phenocrysts, up to 3-5 mm in length, do not comprise mo re 
than 10% of these flows. Both t he basalts and andesites and 
.. . 
related dykes may conta1n relatively sparse mafic phenocrysts 
now altered to act inoli~e. These are up to 1 mm long, occur 
in clusters up to 5 rnm and originally may have been green 
hornblende. 
The rhyolite is grey to grey-green or pink, aphanitic 
to fine grained, aphyric to porphyritic and occurs as flows, 
tuffs and dykes up to 4 meters thick and is flow-banded in 
places. On the coast, silicic flows reach 20 meters in 
thickness~ Phenocrysts of sadie p~~gioclase and/or quartz 
(up to 4 mm across ) are common . 
Grey aphanitic rhyolite forms much of the steep east-
facing scarp, immed iately west of the TCH bFidge on Shoal 
Harbour River, south of'the map area. 
Adjacent to the margins of the Georges Pon d gran!te 
the volcanic rocks have been thoroughly recrystallized and 
overprinted by the steep r egional penetrat i ve fabric. Neta-
silicic volcanic rocks southwest of the Radio Tower on 
• Blandford's Ridge show bands 1-3 mm thi c k, defined largely 
by contras ts in grain size and biotite-amphibol e content 
(Plate XI). Thin aplitic veins, discordant to the banding, 
are foliated along with it . A similar but more diffuse and 
thicker banding occurs i n associated mafic volcanic r ocks. 
4. Volcanogenic sedimentary r ocks - This fac ico , which 
oc curs largely in inland exposur es , is of local occurrence 
and may in many cases be tuffaceous. The c oarser variet i es 
\ 
.. 
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I 
Plate XI: Thinly banded meta-silicic volcanic rock from 
adjacent to margin of Georges Pond pluton. 
Note thin discordant granite vein. South end 
of Blandford's Ridge. 
Plate XII: Photomicrog-_caph of embayed quartz and plagioclase 
phenocrysts in deformed rhyolite (la); sample 
705B; x-nicols, x12.5. 
) . 
;u·,. s '. ~ilar L 1 s('di~er:ta::; r -C r; ks refer-r<d to i r~ Unit 1b. 
c~luritic matr!x. Also i~cluded a r e chlori te schists with 
fine to med i.um €',r"\:ned s:1.ndy la!r.inae and thin beds up to 
'3 e m thick. 
J. 3. l. 4 PETROGH.APHX* ( la), 
1. ~lomera tes, lapi,t 1 i ·: tuffs an.j ash tuffs: The 
" . 
. f 
~ 
nafic tuffs are composed of variable proportions o f chl or ite , 
cp:Jote, opaque ~i~er:1.~s , calcite , ~i~or sericite ;nd very 
fin e Rrained quartz and/ur fe:Jsp~r w~ i l e the silic ic tuffS 
cor.ta:n serici".:e, cpidotP , calc: ~ f~, m': ~.:Jr· cr.1o.rite and opaqu e 
a:-:d feldspar . 
s:t.e and b:,· ].Jiat;i0clase c r::stals ar.d crystal fragmeri~s up t o 
1. ~ m~ in ,leng th variabl~ altered to epidote and calcite, 
ragged, strn.hed quartz grair.s a~.d ane,ular magnetite grains . 
Sono tuffs contain flattened ·olac k t o purple aphanit i c lapilli 
r ich in opaque· mineralS. Ca l cite occurs throughout the matrix 
Pr t otcther with quar~z i.~. s cat:e:fld t!'. i r~ vei"nl ets wh ic h 
* Tr.e r.Echel-Le·'.· ~·::!t h ::J d was t :sed. i ; , d~ ~; er!~ i. nin£, p1ag i oclas e 
compos itions a~d th in sec t to~s wer e s~qi~cd for pot ass iun 
feldsp~r using tte met~ ~ d desc ribci h~ ~utchi~on (19? 4). 
• 
1 
I ( 
, . 
' 
) 
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The aphanitic silicic blocks in the' agglomerates show a 
pilotax:i:tic intergrowth of plagioclase and quartz. This 
texture forms augen ·around microphenocrysts of , plagioclase 
and quartz and is p~rallel to the length or width of the 
tabular or elongate blocks which themselves are aligned on 
the steep tectonic fabric. The fine gra i ne.d green rna fie 
fragments, common in these rocks , are microves icular with 
abundant chlorite, calcite. and iron oxides. 
The coarse agglomerates containing/ blocks of plutonic 
; 
rocks have .a schistose matrix consisting mainly of sericite 
with . lesser ch~ori te and epidote. The matrix contains · 
f 
scatterfd plagioclase ~aths (0.1 mm) and angular partially 
resorbef · quar'tz grains (< 2 mm). Silicic volcanic rock 
fragments are petrographically similar to rhyolites elsewhere 
. 
in this', formation; cream-coloured fine grained (< 1 m.m) blocks 
I • 
consist! of 65~ poorly twinned sodic plagioclase laths, 25-3~ 
: f . 
interstitial epidote, hematite and 5~ quartz which also occurs 
in thin veins. Plutonic blocks range from granite to quartz 
diorite. In these plutonic blocks coarse plagioclase ()Ccurs 
as subpedral crystals up to · 8 mm in lengi:h along with quC;;; 
' . ' 
' and microcline and lesser anti-perthite and granophyre. Opaque 
oxides, epidote, . and minor thoroughly oxidized biotite are 
present in small amounts. A fine-grained siliceous aggregate 
l ' occurs along some grain boundaries. 
, haye a 
- The matrices of these . rocks 
t invariably .been recrystalliz.ed, commonly to 
This has masked most primary microscopic 
( : 
I 
' 
· , \ 
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I 
features of the matrices which consist largely of sericite, 
·, 
quartz, plagioclase and minor chlorite (grains average<.025 
mm). These tuffs contain up to 25% potassium feldspar. Quartz 
shows polygonal recrystallization within lensoid aggregates, 
in the pressure shadows of larger crystals, and occurs in 
thin veins, The only recognizable primary minerals are sodic 
plagioclase, quartz and minor biotite(?) (Plate XII). Their 
proportions vary widely but plagioclase and quartz crystals 
make up to 35% of some ·hand specimens. Plagioclase is usually 
• 
the coarsest phase (up to 5 mm). Most of the grains are broken 
· but some show euhedral forms and locally have a very thin, 
relatively fresh ( albi tic?) rim. Some of the feldspar grains 
show incipient sericitization and a light brown (clay?) 
alteration, others may be partially or completely replaced 
by epidote and/o~ calcite. K-feldspar occurs along fractures 
t 
qr as a thin poorly developed rim · around some of these 
crystals. These plagiocla~e crystals contain ·small anhedral 
disoriented feldspar grains of similar composition~ Quartz 
is lpcally the dominant crystal phase. Resorption te:xtures 
and 'strain shadows are common and the crystals are rounded 
and/or broken. Locally biotite. crystals up to 0.1 mm. in 
length have been cornp-l,etely altered to opaque minerals an~ 
epidote: minor amounts of brown to gre'en metamorphic biotite 
are present. Opaque minerals make up }.ess than ~ of these , 
rocks: sphene and apatite are . minor accessories. 
The angular to rounded · li.thic clasts are genez!ally 
very fi11:e grained (< 0.2 mm) and silicic in composition. Some 
of thein show a felsi tic, or pilotaxi tic texture, are aphyric 
, 
. :~ 
I 
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to microporphyritic, and include 5-10% potassium feldspar 
and accessory opaques. Some fragments are composed entirely 
of fine-grained epidote while others consist of fine-grained 
quart?., plagioclase and opaque minerals. 
Crystal tuffs in the Blue Hills and Blandfords Ridge 
are typically non-foliated, and consist of angular fragments 
of poorly twinned plagioclase (up to 7 mm) and quartz in a 
finely crystalline siliceous matrix (< 0. 05 mm). In that area 
the secondary minerals include actinolite and -minor biotite. 
The actinolite occurs as _randomly oriented acicular crysta-:rs 
and locally appears to have replaced a primary (?) darker 
green amphibole. 
The matrix of the tuffs is commonly banded (up to J mrn 
thick). These bands which may be primary in origin, are 
parallel to the steep fabric and are siliceous t\more 
seric i tic' and chlori tic in composition. 
J. Lava flows: The basalts are typically fine grained 
( 0.1-0. 5 mm}. The texture is diabasic to locally fluidal, 
holocrystalline to intersertal. They consist of 50-6C>% lath-
like or stubby albitized plagioclase variably replaced by 
epidote or calcite and 40-50% intergranular epidote, green 
I 
to blue-green actinolite, lesser chlorite, . and minor opaque 
m-inerals (Plat~ XIII}, Minor interstitial quartz is present 
locally along with hem'lti te, 'very minor green biotite and 
accessory sphene. No relict pyroxene · was seen in these rocks. 
Actinolite a'Ppears to have replaced darke·r green to 
brownish green amphibole phenocrysts. Most plagioclase 
' 
I 
I 
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Plate XII I: Photomicrograph of typical basalt (1a) with 
fluidal intersertal texture; x-nicols, x12.5. 
Plate XIV : Pho t omicrograph of porphyritic andesite {l a ); 
p.p.1., x12.5. 
~ ·~·-:or• ...... !, • .. ·:_: .. . 
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phenocrysts have been albitized, some are completely replaced 
by ~pidote and sericite. They occur in a diabasic to slightl y 
ophitic intergrowth of pleochroic blue green to green 
actinolite and altered plagioclase. 
The andesites are fine grained (0,1 mm) and are composed 
of 5 5-70% sadie plagioclase, 15-401' fine grained act ina l ite, 
chlorite, epidote and opaque mi nerals, 7-15% interstitial 
quartz and locally minor interstitial feldspar (Plate XIV). 
Phenocrysts show similar alteration patterns as those in the 
basalts and the largest plagioclase phenocrysts show well 
developed normal to oscillat ory zoning. 
Epidote, chlorite and lesser quartz o,ccur in the aMyg·dules 
and in thin veins. 
The rhyolites are aphanitic to fine ~ained (0,05-0.5 mm), 
The matrices are largely microcrystall i ne but locally show 
~oorly developed spherulites. A fine grained trachyt ic t exture 
i s para~lel t o the loca lly developed flow band i ng which is 
defined by concentrations of disseminated hematite. Granophyric 
intergrowths are developed in places. 
Poorly- to well-twinned sodic plagioclase, partially 
resorbed quartz and rare altered b i otite are the only 
phenocryst phases. They locally make up to 25% of some rocks. 
The plagioclase phenocrysts are dominant and may show faint 
zoning; biotite phenocrysts have been replaced by opaque 
minerals, chlorite and lesser epid~te. 
In some rocks, pota ss i um feldspar occurs as small 
inc lusions in'\lagioclase phenocryst s, in others it may make 
up to 50% o.f the groundmass. It appears to b e ml.crocline. 
-~ 
\ 
1 
·f 
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Accessories include sphene, opaque minerals and apatite. 
Opaque minerals occur as rare subhedral microphenocrysts, 
as disseminations or locally. as tiny K 0. 3 mm) rosettes of 
acicular crystals. 
Secondary minerals include quartz, epidote, sericite, 
calcite, minor chlorite, piedmontite and biotite. Epidote 
comprises up to 20% of some rhyolites, and thin quartz veins 
are conunon. 
3.3 . 1.5 Geology and Petrography (Unit lb of Love Cove Group) 
This subdivision underlies two barren hills to the 
southwest of the Radio Tower oh Blandfords Ridge; it is 
separated in part because of its apparently reworked nature 
but mainly due to peculiarities in its polymictic clast 
composition. 
. 
Most of the outcrop consists of green foliated, non-
bedded diamictite. This contains angular to rounded clasts 
of sedimentary rocks and. silicic to mafic volcanic and lesser 
• 
sub-volcanic rocks. ranging up to 35 em across. In the southern 
outcrop, the coarsest clasts appear to be concentrated in the 
eastern portion while there is little or no coarse detritus 
in the western portion of the outcrop. The boulder- and 
cobble-size detritus appears to be the most rounded and con-
sists almost invariably of orthoquartzite, vein quartz, and 
recrystallized quartz exotic to the area. Some well or sub-
rounded fragments show a few rather angular faces indicating 
~erhaps fraeturing of originally wholly rounded clasts or 
glacial facets. Smaller fragments are sub-rounded to angular. 
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Plate XV: Orthoquartzite clast in deformed diamictite 
(lb). South of Radio Tower. Hand lens 4 em 
in length. 
Plat e XVI: Photomicrograph of orthoquartzite block in 
diamictite (lb). Note grain rounding and bimodal 
grain size distribution; x-nicols, x12.5. 
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Volcanic detritus, which is common in e pebble-to 
sand-size range, includes abundant tered aphanitic 
light grey rhyolite and basalt. 
Mineral fragments are largely angular 
by quartz and lesser plagioclase. The matrix 
thick anastomosing psammi tic and pelitic bands. 
pronounced recrystallization on ~he steep 
augen around the clasts. Minor pyrite and 
chalcopyrite are found locally. Minor 
are associated with these rocks. 
are dominated 
)-4 mm 
is 
forms 
The pebbles and cobbles of light grey mature 
(Plate XV) provide a marked compositional and contrast 
to the deposit in which they occur and to any 
rock within the map area. The clasts are composed o 
quartz, minor plagioclase and 15~ largely interstiti 1 epidote. 
The quartz occurs as well rounded to sub-rounded 
1 mm across (avg. o.4 mm) in a very fine.grained 
matrix which has been recrystallized along with the 
of the larger grains. There is a dist i nct bimodality 
distribution (Plate XVI). It is not clear whether this 
orthoquartzite has a proximal or distal origin alt})ough 
petrographically similar clasts occur in diamictites e 
in the Avalon Zone of Newfoundland (\i.D. Bruckner, pers. 
comm. 197.8). 
to 
"Tongues" of white fine-grained (< 0.1 DU1l)' plagioclas -
phyric rhyolite similar to unit la rhyolites have 
these sedimentary rocks, together wi th a few thin 
mafic and minor porphyritic dykes (?) of intermediate co 
' ! 
i 
i 
! 
i' l 
. I 
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3.3.1.6 Contact Relationships 
' The White Point Formation is bounded on the east by the 
prominent, steeply dipping, north-south trending Charlottetown 
Fault which juxtaposes schists of that formation against 
gently to moderately dipping, non-foliated, unmetamorphosed 
red sandstones ana conglomerates of the Charlottetown Forma-
tion (Musgravetown Group). To the west, pyroclastics of the 
White Point Formation appeir to grade into tuffaceous sedimen-
tary rocks and tuffs of the Thorburn Lake Formation. Relation-
ships of correlative sequences to the south in the Sound Island 
map ,area suggest th.at the Thorburn Lake Format.ion in part over-
lies the volcanic rocks and in part is a facies equivalent of 
at least the pyroclastic portion of the Wh i te Point Formation 
(Hussey, 19 7 Ba l . 
However, on Northwest River, Unit 3a (Southwest River 
Formation) appears to lie conformably upon the White Point 
Formation, suggesting that it is, at least in its lower por-
tions, equivalent . t0 the Thorburn Lake Formation and/or that 
it has cut down into and in places completely stripped away 
lithologies typical of the Thorburn Lake Formation. 
3.3.1.7 Correlation~ 
Correlatives of the White Point Formation extend both to 
the north and to the south. Jenness (1963) and Anderson 
(196~) defined the limits of these volcanic rocks in rough 
terms and Jenness (1963) originally suggested a correlation 
between the Love Cove Group and volcanic and sedimentary rocks 
in the Terrenceville map area (Bradley, 1962). Dal Bello 
(1977), working to the north, mapped a fault-bounded belt of 
deformed pyroclastic rocks and dykes and restricted the term Love 
Cove Group to it. These rocks are directly on s trike and pr ac-
tically contiguous ~ith the White Point Formation. Volc anic rocks 
in the So~nd Island area (Unit 1 of Husse y, l978a) also bear 
many compositior'lal and textural similaritie s to rocks o f the 
\ 
.( 
t 
:t 
.; 
• 
.. 
.. 
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1/Jhite Point Formation. These are on strike with and comparable 
to the dominantly silicic volcanic rocks of thetDeer Park 
Pond and Southern Hills Formations of the Terrenceville 
and Gisbourne Lake map-areas (Bradley, 1962) and to variably 
deformed volcanic rocks in the Baine Harbour and Point 
Enragee map sheets (O'Brien, 1978a, 197Bb). 
J.J.l.8 Interpretation 
A number of specific features of the White Point 
Formation indicate that these rocks are the product of 
explosive, possibly calcalkaline volcanism. These aret 
1. the high proportion and textural variety of volcani-
clastic and/or pyroclastic material and the associated, 
partially equivalent thick sequence of pyroclastic rocks and 
tuffaceous sedimentary rocks. The dominantly explosive nature 
of the volcanism is further illustrated by the local occurrence 
(Plate VI) of numerous high-level granitoid plutonic blocks. 
Q 
2. the petrographic (and chemical) range in composition 
from basalt ( 4~ Si02) through andesite to rhyolite . 
). various aspects of the chemistry, to be discussed 
later, strongly suggest a calcalkaline ·aff i nity (chap . 6). 
4. a number of foliated granitoid plutons have been 
intruded into and are localized within this belt of vo l canic 
rocks extending from the Bonavista Bay area (Georges Pond 
granite) to at least the Baine Harbour and Po i nt Enragee map 
sheets on the Burin Peninsula (O'Brien, 1978a , 1978b ) . 
Evidence ha~ been cited (see sec. J. J .l . J and Hussey , 1978a) 
for a genetic link between these granites and t he volc an ic 
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ro~~. The Ge orges Pond granite appears to have calcal~aline 
.. , 
affi~i~ies and O'Driscoll (197J) has sugges ted that the Swift 
., .. 
Cu~rent granite is calcalkaline. 
Most workers appear to agree that the Avalon Zone is 
underlain by sialic crust (eg, ~illiams et.al., 1972; Strong 
et.al., 1978a) and there are reports of possible basement 
gneisses on Cap Miquelon (Aubert de la Rue, 1932) approximately 
.JO km west of the Burin Peninsula. Papezik (1973) has reported 
garnets of uncertain provenan~e from late Precambrian molasse 
of the Avalon Peninsula. However, Miller (1977) indicates that 
aside from the areas underlain by the Ackley batholith and 
the Swift Current granite, major p~rtions of the c~ust of the 
western Avalon Zone are relatively mafic in nature. This appears 
to be at variance with most of the descriptions and 
interpretations of the surface geology (eg. Jenness, 1963; 
F. Anderson, 1965; Strong et.aL,. 1976 ; Hussey, 197\_a); only 
' 
Younce {1970) cons idered the Love Cove Group (and the Bull 
Arm Formation) to have been depos ited on a basic crust overlai n 
by sedimentary rocks of the Connecting Point Group. These 
differing points of v iew may be evaluated by referring to 
recent work dealing with Cenozoic to Recent island arc and 
continental margin magmatism. 
Many workers (eg. McBirney, 1969: Pichler and Zeil, 
1969: Jakes and White, 1972) have noted that a l though 
gradations in composi t i on exist , andesites develop~d in 
I 
continen1;al margin settings tend to be less mafic than 
those developed in island arcs. Differenc es have been noted 
• 
! 
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Hl K20 levels (Dickinson, 1968), Fe203 ( t otal) and CaO (Forbes 
et.aJ., 1969), MgO/FeO + Fe203 (Yoder, 1969), various trace 
elements (Zeil and Pichler, 1967 ), and ~a203, KzO, Rb, Ba 
and Zr (Cole, 1978), As most of these elements are susceptible 
to mobilization during metamorphism any comparisons made with 
the tJhi te Point Formation must be considered suspect. However, 
a significant feature of the White Point Formation is the high 
proportion (at least 5~) or silicic volcanic rocks: the 
proportion of silicic material is even higher if one inc l udes 
the prob~bly related granites. Numero us authors (Dickinson, 
1968; McBirney and ~·leill, 1966: Ewart 3.!1d St i pp, 1968; Brothers, 
1970; Jakes and li'hite, 1972 : a '"'d Carmichael et.al., 1974) hav e 
noted the paucity o·r- dacites and the r-arity o f rhyolites in 
1 
island arcs and t~eir dominance in ens i alic arcs. The reasons 
for the distincti on between the COQpos i ticn and proportions 
of the volcanic products of these con~ras~ed environments are ·· 
various and some o f t hese are still i n di s put e, but the 
observed differenc e between ensialic ~~d island arcs is well 
established. Hence, it is thought that t he Love Cove Group was 
deposited on continental crust. 
The state of preservation of these rocks makes it 
difficult to interpret the surficia l environment of deposition. 
However, a number of points should be noted: 
1. the sparsely vesicular nature of the volc anic roc ks 
could indicate sub-aqueous eruption. 
2. t h e occurrence of banded volcanogenic chert and very 
f~ne, grad ed and slumped, green s an dstone and siltstohe 
probably i ndicate at ~east local basins of deposition with 
• 
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o nly limited if ar: •: reworking. 
J. the bedd e d . nature of some of the tuffs may resul t 
fr om hydraulic rew orking. 
It is not possible at this point to j udge the relative 
importance o f sub-aerial or sub- aqueous deposition for the 
ash flows, but in view of the ahove, it is poss i ble that 
sub-aerial and/or sub-aqueous conditions existed at various 
times and places throughout this terrain. 
Interpretations of ~~se rocks must cons i der the 
occurrence of the diamictites of Unit lb and i ts numerous 
clasts of ' mature orthoquartzite. The evidence discussed 
indicates that t ~ e s e deposits were incorporated into th i s 
terrain while it was volcanically active and presumably 
tectonically unstable as well. Two possible origins for these 
rocks are those i~volv ing glacial (tillite) or mudflcw 
mecha nisms. They do resemble tillites occurring t o the eas : 
on the Avalon Peninsula (\'I . D. Bruckner, pers. c omm., 1973). 
However, due t o t heir deformed state it is not possible ~o 
distinguish a g l a c io:narinc from a mud flow mode of ernplacerr.e :1t. 
).).2 Thorburn L~ke Formation (2) 
).).2.1 General Statement 
This formation is a dominantly clast ic assembla ge 
divisible, l{thostr a tigraphically, into three~uni ts, only 
two of which (2a and 2b) are of significant areal extent. 
The s e rocks occur in a north - t rending , 2. _5 km. wide belt cut 
obliquely by a fau l t sep arating t h e·abov e two un i t s wh ich show 
s ome l itho l ogical simi l a rit ies. Unit 2a h a s a l arg er e p i c l a st ic 
I 
I 
' 
/ 
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c,w'. t?r: t th3.n · 2b , a:-.j ::-.ere appea-:- to -be significant differences 
i.~ tr.ei;z- style of s:n.Act'..lr-al development. It i'S possible that 
t~.e jpposi: i. o r. o f ~!:.es .-_~ "t'tiO mer.1bers did no-t: overlap i:1 time. 
i'he Thorburr-. Lake !=' ;:, ;r-.ati o:c largely coincides with Unit 1b 
of Jenness (1961) :~ t~e western portio n of the east belt of 
the l .o~ e Cove Group. 
).).2. ? Geology ( 2 ~} 
This sedimentary member is confined to a narrow wedge-
' shaped belt extending nar:h from Watershoot Steadies. It is 
domin3.ted by cross-stratified siltstone and greywacke cut by 
numerous thick nort :r. ~trerJ,ing ma fie dykes (Plate XVII ) . A·s no 
c ontinuous significant thickness is.avail~bl~ for study, only 
' \ 
a 1 i-thologic characteriza~ion can be attempted.· 
Most o f th i g- membe-:- consists of white-weathering grey 
to ~rey - Eree n , th in b edde1 (~to em) fin~ly lamina ted and cross-
lamina ted siltst one · a~d c herty or pebbly siltstone (Plate XV I II). 
Th e ;est is comprised of ver::,· fine to coarse grained. sandstone 
and variable amounts o f greyli3.Cke and pebble conglomerate, 
' .:. s 
which occur in beds up to 60 em th i ck. There appears to b e a 
positive correlation b e tween grain size .and bed t h ickness. The 
' ( , 
sil ts-t;ones are localiy gTaded and slump-folded ·, c ommonly wi th 
minor dislocation and/or brecciation • 
.._ 
Clasts are angular t o sub-rdunded; sub~rounded to wel l 
rounded clasts up t o 5 e m across occur in the coar~er horizo~s . 
. . ,... . 
In gen e r a l, these ro cks are no t well ~orted. 
On Dunphy's P ond, the dominan~ roc k type i s grey-gr~en 
me d i um graine d gr eywa c k e with s ome fi~er and \ o arser grained 
. . 
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Plate XVII: North trending mafic dyke (3 meters thick) 
cutting siltstones (2a). North shore of 
C lode Sound. 
Plat e XVIII: Laminated siltstone ( 2a). Note low angle 
cross laminae. North shore of Clade Sound. 
Pencil approximately 15 em in length. 
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.varieties. In the west, adjacent to red sedimentary rocks of' 
the Southwest River Formation, they contain scattered 
fragments of red siltstone. These commonly laminated to 
· • c~oss-laminated rocks are medium-bedded in the west. ·~n the 
east, they are thin bedded with planar laminat"'ion, have a 
tuffaceous aspect, and. have been intruded 'by fine grained 
silicic dykes. Hematite and hydrous iron oxides a~e commonly 
developed on joint surfac-es. Minor green mafic tuffs with a 
carbonate-rich or siliceous matrix occur locally on Clade 
Sound. 
These rocks are disposed in large scale open to tight 
folds with variable fabric developmez;t on the steep axial 
surfaces (Figs. 1 and \.1~. In the south, a fin• sericitic-. 
chlori tic fabric is locally developed, parallels bedding and 
intersects cross- laminae at a low angle. 
Petrography (2a)'_) 
(/' • 
The detritus in these sedimentary rocks is largely 
volcanic in origin, silicic detritus being dominant. In detail 
this detritus includes: 
1. angular to sub-rounded plagioclase and lesser quartz 
2. various textural varieties of rhyolite or dacite 
J. fragments of mafic to intermediate flows and tuffs 
with an altered aphanitic matrix consisting of epidote, chlorite, 
and iron oxides and albitized plagioclase microphenocrysts. 
The matrix is fine grai ned, siliceo~ and recrysta l l i zed and 
commonly includes chlorite, sericite · and epidote. Some of' the 
epidote may be <tetrital. 
) 
• 
, 
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),),2.4 Geology (2"b) 
These rocks extend s6uth from '!'he ,'.;arTows (Clode Sound) , \ .,. ~ - t 
and include the type section of the formation 'at Thorbu:rill . \ 
Lake. In the type section data are restricted to isolated ~ ~ 
shoreline outcrops.; however, - good structural control (i.e. -
numerous and consistent facing determinations) has made ·it 
possible to estimate a probable maximum stratigraphic 
-.;rickness of -1311 fneters ( 4JOO feet) on this east-dipping, 
r 
east-facing sequence. Elsewhere, lack of or obliteration of 
facing criteria and outcrop and larger-scale very tight folds 
' make reasonable thickness estimates impossible. 
The Thorburn Lake section also includes several outcrops 
along the TCH immediately ~~st of the lake. Bedding:/schistosi ty 
)oo ) 
intersections indicate -tJ:1_<0) these rocks are in the eastern 
portion of the nose of a tight anticiin' plungi ng steeply 
to the south which appears to be faulted to the west agai~st 
fractured massive volcanic rocks of U:r\i t Jb. In 
is local tight parasitic asymmetric 
· This section is a rather monotonous sequence 
gre~-greEm, dominantly medium-grained tu.ffaceous greywacke 
and granule to pebble greywacke conglomerate. The~~~ 
commonly evenly laminated to medium-bedded* . . with some 
bedding (up to 40 em) in the upper half of the section. 
Extensive cross-lamination is developed throughout in beds 
of all thicknesses (Plate XIX) but . grading is generally not 
well developed. Since most of the outcrops consist only of 
• 
*classification of bed thicknesses after Ingram ( 1954). 
· ' , ..
j 
- 77 -
Plate XIX: Cross-laminated medium grained gre~vacke (2b). 
East shore of Thorburn Lake. Pencil approximately 
15 em in length. 
Plate XX: Folded, (F1) siltstone and very fine grained 
sandstone (2b). North shore of Clade Sound. 
Pencil approximately 12 em in length. 
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a roughly horizontal surface with l lttle vertical relie1, 
the exact geometry and orientation of the cros~- laminae 
could not be d etermined. 
Average grain size is variable but appears to decrease 
• 
·higher in the section, being commonly up to J em in the. lower 
portions and less than 1 em in the higher portions of the 
sequence. One rhyolite ~lock o~horburn Lake is approximate l y 
1 meter in length. Rounded quartz grains (up ~o 7 mm) a~ 
. -
commonly abundant and pink to grey or purple silic i c volcanic 
detritus is dominant; mafic clasts are less common. The 
grains are commonly flattened or r~aligned on the fabric. 
The occurrence of coqrse detri t us and in places large 
volcanic blocks may be ~icative of 'explosive extrusion of 
. 
pyroclastic debris and/or movement of similar material off 
volcanic highlands by debris (mud) flow .or avalanching 
. mech~nisms. Later reworking could produce the observed 
sedimentologic features. 
North of Thorburn Lake , the rocks are typ i cally laminated 
.... 
to thin bedded although medium bedded (>15 em) and more 
massive units are not uncommon. Bedd ing. is generally paralle l 
~o the fabric. Cross-laminae are pres:nt locally and at~e 
locality indicate slight overturning t o the west. It is 
possible that this outcrop lies on the east limb of a tight 
syncline_, the opposite limb of which is exposed in part in 
the type sect ion . Fine grained tuffaceous greywac k e and 
commonly siliceous grey siJ:tstones are more abundant in t he 
north; finely banded mafic tuffs and very fine grained 
.. 
, 
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sedimentary rocks have been recrystallized to chlorite 
schist. 
Along the shore (at The Narrows) and immediately south 
of C lode Sound, there is a significant proportion o{ crystal 
and lithic-crystal tuffs. The eastern limit of thi.s unit i~ 
1 
gradi tional with the adjacent ~uffat:eous sequence (Unit la) 
and consequently is somewhat arb_i trarily drawn where non-
bedped unreworked tuffs become the dominant rock 'type. 
. f • 
l . 
Relatively massive, green, coarse-grained crystal tuff, weathering 
light green and show in~ traces of banding with lesser beds 
(up to 4 em thick) of nher grained material, is common, 
. . 
along with scattered rhyolitic, possibly pumiceous, fragments 
.• in a soft_ ~lori tic matrix. However, even at the shore 
localities, grey to green! laminated to medium bedded pyritic 
volcanogenic siltstones (Plate XX) and fine grained graded' 
sandstone remain the dominant rock types. Th~se beds are 
locally reworked and may contain tabul ar fragments of green 
siltstone up to 8 em long. Similar rocks occur in Uni't la. , 
Alternating relativ.ely siliceous versus schistose chlori tic 
beds (up to 1 meter) are common. "t 
Diabase dykes appear in variable abundance. Quartz veins, / 
which are commonly joint-controlled lo~ally contain calcite, 
chlorite, and very minor chalcocite partly altered to malachite. 
).).2.5 Petrography (2b) 
I 
Altered plagioclase and lesser partia~ly resorbed quartz 
grains are common, along with other silicic detritus and 
f locall y up to 5% subhedral magnetite grains. The finest layers 
• 
' 
J 
I 
., 
.. 
are recrystallized and. are ·composed largely of varying 
\ 
proportions of sericite and chlorite and (in the south) minor 
green bio~ite.•The rabric forms augen around clusters of 
• 
epidot~ crystals. 
}.}.2.6 ·Geology and Petrography (2c) 
. . , ~ 
This lithologic subdivision comprises a number of 
isolated lenses of volcanic rocks. A~ong the coast this 
) 
includes lithic -cry stal and crystal-lithic tuffs and minor 
bedded tuffaceous sedimentary rocks faul~ed in the west 
against siltstones of Unit 2a and gradational in 'the east 
with tuffaceous and sedimentary rocks of Unit 2b. On the 
south shore, fractured grey rhyolite occurs in a minor fault 
block (Plate XXI), Also included are fine grained laminated 
.. 
silicic to mafic tuffs, Massive flattened lithic tuffs 
• 
contain lapilli commonly averaging 1 ern but locally up to 
8 ern long. Fragments arevariable in colors and silicic through 
andesitic in composition. More than 50% .of the fragments are 
compose~ of anhedral plagi oclase and <5% to 4.0% intergranular 
iron oxides (grain size <0.5 mm). In silicic f'fagments, · 
similar proportions of opaque ~ides define a thin banding. 
These Tockg include abundant altered gr~n :Plagioclase and · 
quartz crystals (up to 2·.5 mm). Secondary mineralogy includes I 
epidote, bhlo:ti. te and' sericite, 
Inland, lenses of volcanic rocks appear to be intercalated 
with greywackes and tuffaceous sedimentary rocks of Unit 2b. 
The western lens i ncludes fine-grained, pink to grey rhyolite 
and minor silic i c lithic tuffs with lapilli up to 5 cin in 
~/ 
\.. 
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diameter. These rocks are strongly jbinted and extensively 
altered to epi~ote. A strong cleavage is developed in narrow 
ZQnes. .. 
Thin section shows that the silicic flows are part ially 
. , 
recrystalli~ed and consist of roughly equal proportions of · 
quartz and K-feldspar, with minor sericite, opaque oxides, 
chlorite, epidote ahd accessory sphene. 
/ 
The .eastern lens is composed solely of steeplyaipping, 
finely colour banded ( 2-J mm) very fine grained chlorite schist 
(meta mafic wa t erlai n tuff?). The banding' is parallel to the 
foliation. 
),),2.1 Contact Relationships 
Units 2a and 2b of this formation are in fault contact 
along the coast; inland they are assumed to be faulted ag~inst 
one another and against adjacent formations. A fault c ontact 
is .P~Obable in t he Thorburn Lak~ area between fractured 
volcanic rocks of ~it Jb and chloritic, fractured, steeply 
dipping greywackes o,f Unit 2b. Thi~ fault i s, in part, a 
portion cf the NNE-trending Platter Cove Fault o;f Jenness 
(1963). Howeyer, its northward ex~ension from the .north shore 
of Clade Sound does not coincide with Jenness' fault. It 
is exposea in shoreline outcrops where it brings together 
extensively fractured, moderateiy dipping siltstone (2a) 
against fractured to · schistose volcanic rocks of Unit 2c. 
In contrast, it .,appears that the area of the contact between 
Units 2a and la on Dunphy's Pond represents an eastward 
lithological and structural/ metamorphic gradation from c l eaved 
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Plate XXI: Fault scarp on south shore of Clode Sound 
·Between Units 2a and 2c. 
... 
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greywackes and tuffaceous sedimentary rocks of the Thorburn 
Lake Formation into steeply dipping commonly schistose val -
canic rocks of the White Point Formation} 
The relationships between the Southwest River and · Thor-
' -
burn Lake Formations suggest that these sequences are at least 
in part,· coeval and are probably facies equivalents .. Jenness 
(1963} incl~ded ~he southern .portion of Unit 2a in the Mus- · 
gravetown Group and the northe~n port.ion in th-e Love Cove 
Group. Hence from Platter Cove north he assumed a fault bet-
ween the Love Cove and Musgravetown Groups here referred to 
as the Thorburn Lake (2a } and Southwest River Formations ( 3a) ) 
respectively . However, both north and _south of Clade Sound 
there is no strong evidence for a major disloca~on between 
these un1ts, although fractur1ng 1n outcrops abf ut 1 krn north-
east of Midd'le Point may il(_dicate possibLy mirjar disp&acement 
at the contact. This contact follows a north'~plunging anti-
clinal axis which extends from Dunphy's Pon1 to the Port Bland-
ford area. Immediately east of Port Blandford, volcanic rocks 
of Unit 3b appear to underlie both units and form the core of 
the fold: B~dding orienta~ions close to the contact 1 km 
nor~heast of Middle Point indicate that green pebbly siltstones 
of Unit 2a conformably overlie red sandstones and conglomerate 
of Unit 3 a~ A fine-grained green mafic tuff several meters 
thick occurs cl6se to the contact. However, north of the 
pre sent map area in the Glovertown area , ~here possibly corre-
lative sequences occur, red pebble conglomerates and sand-
stones clearly overlie conformably green crossbedded sands~ones 
' 
and siltstones (Dal Bello, 1977). 
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3.3.2.8 Correlations 
Unit 2a qt the Thorburn Lake Formation is on strike with 
.. 
and _possibly equivalent to a sequence of greywackes mapped by Dal 
Bello (1977) to the north in the Glovertown area and referred 
(1963)* . In by him to the Rocky Harbour 'For~ati6n 1 Jenness. 
. the Sound Island map area t~ the south, and also on strike, a 
sequence of greywackes, greywacke conglomerates and tuffaceous 
sedimentary rocks conformably overlie variably deformed vol-
\ 
canic rocks- very similar to and correlated with the White 
Point Formation (Hussey, 1978a)~ Also, these rocks are on 
strike with the Anders.on's Cove and .Southern Hi lls Formations 
' of Bradley (1962) and with tuffaceous sedimentary rocks over-
lying volcanic rockk in the "~nee" area of the Burin Peninsula 
(O'Brien, 1978a, l978b). He~ce, the Thorburn Lake Formation 
appears to be a segment of a semi-continuous bel t o f sedimen-
tary and tuffaceous sedim\ntary rocks, associated with vol-
canic rocks with a width of 2-3 km and extending from Bonavista 
Bay to the Burin Peninsula (Fig. 2.1). 
3.3.2.9 Interpretation 
The app~rent continuity of this belt of volcanogenic sedi-
r 
mentary rocks and tuffs, described above, must be accounted for 
in any interpretation of these rocks. Also, the abundance of 
volcanic detritus -and intercalation of tuffs suggest that these 
rocks not .only overlie the volcanic rocks (Hussey, 1978a) but 
are also in part their facies equivalent. 
*The only . ~ifference implied he r e wi t h respect to Dal Bello's 
work is s iric tly one of d~f inition, ~nd of interpretation of 
the relat i onships between these g r eywackes and volca~ic r~cks 
of the Love Cove Group. · · 
J 
"· 
' ' 
- 85 -
The occurrence of cross-lamination on varying scales 
has been interpreted as an indication of shallow agitated 
water (eg. Turner and Walker, 1973). Mitchell (1970) described 
medium-to coarse-grained pebbly volcanic sandstones disposed 
'in "large-scale tabular sets of tangential un id irec tio!!al 
fore-set beds, separated by thin apparently structureless 
beqs of sandstone". He thought these to be shallow marine or 
fluviatile sedimentary rocks deposited by traction currents. 
This description and interpretation appears compati~le with 
at least the type, sectJ.-on o'f the Thorburn Lake Formation. 
However, lithologies along the coast inc}ude fine-grained 
volcanogenic sandstones and siltstones which are graded 'and 
slumped. These may have been form~d by deposition in less 
turbulent water, possibly a lacustrine or submarine environment. 
Dal Bello (19?7) has suggested on the basis of their 
sedimentology and trace element studies that correlatives 
of Unit . 2a are lacu~trine deposits and facies equivalents of 
fluv{atile red beds lying to the northwest. 
Facies relations as outlined above have been described 
$ 
from regions of Tertiary to Recent volcanism. Donnelly 
(1966) described submarine deposition on the flanks of a 
' subaerial cone and Lipman et.al. (1978) outlined comparable 
relations in. a terrestr ial environment. Such associations of 
fluviatile and lacustr i ne sedimentation are typical of basin 
development within the Basin and Range province of the western 
United States (Gilbert and Reynolds, 197J; Robinson e t .al., 
1968), Hence, all aspects of the Thorburn Lake Format i on, in 
particular Unit 2b, indicate that the~e rocks represent a 
.'' 
J 
L( 
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thick, in part n subaqu~ou.s, detr i tal apron developed on the. 
nankG of an efor~-¥. predominant'iy -volcaniclastic volcanLc 
pile. D~position of portions of Unit 2a may h~ve been more 
' ' 
closely related in time, to volcanism associated with Unit )a. 
I 
J.J.J 
( J,),J.l 
Southwest River Form~tion (J) 
General Statement / 
This formation occupies a roughly 6 km-wide belt 
' . 
striking north and south of the head of Clade .Sounu. It is 
divisible into two members, one predominantly sedimentary, 
• ~.ll 
the other mainly volcanic. Both of these are intruded by a 
variety of mafic and silicic dykes~ The sedimentary member 
is composed largely of red sedimentary rocKs which include 
lenses of massive volcanic rocki; it appears that volcanism 
was in large part coeval with sedimentation. Jenness (196J) 
referred these rocks to his undifferentiated middle formation 
within the Museravetown Group \: 
In the Northwest River area, red sedimentary rocks 
conformably overlie d~formed pyroclastic and ,flow rocks 
referred 'to the Love Cove Group by Jenness (1963) and to the 
White Point Formation in this thesis. Jenness.(i96J) described 
the contact as a fault. The sedimentary rocks cont~in a 
penetrativ.e fabric related to overturning of the strata (Refer 
t"O Pigs. 1 and 1 .1) . Open more ~pright folds dominate the 
structure to the eas t . On the basis of their structural state, 
Widmer (1949) though : t he sedimentary r<;>cks in the N.orthwest 
Rive r - Northwest Arm are~--to be d/stinct from w)l.a.t ·· he 
described as relatively undeformed Musgravetown Group strata 
' 
,) 
,_ 
\ 
\ ,' 
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nearby. Ee named the deformed sedimentary rocks the Tabby 
Cat Cove Formation. However, no sign ifica:;t break could b_~_,.i 
found between those "uni ts", and the contrast in structure 
within these sed imentary rocks is clearly the resul t o f 
their respective disposition within the asymmetric synform 
into which these rocks are folded in this area. West of 
Thorburn Lake in the Southwest River area, the type section 
of these rocks lies on the eastern upright limb of t h is 
structure in a wes t dipping, west facing section. 
).).).2 Geology (Ja) 
The basal portion of the type section of these s e dimentary 
roc k s crops out a long Thorburn Lake and along the railway 
~ 
track east of the lake . Higher levels of the section are 
poorly exposed be tween the lake and S outhwest River where 
these rocks are moderately well exposed . 
A thickness of 1280 meters was estimated ·using an 
average dip for the whole section of 25° . S imilar approximations 
have been used to pre pa r e a stratigraphic s ection (Table J). 
Thi s does not represent a single straight line traverse but 
is a composite of all available information in the i mmed iat e 
Thorburn Lake area . Hence, it may not be entirely accurate in 
detail, but it does show the general sequence reasonably we ll. 
'l'he following observations a re based on t he composite 
section: 
1. The basa l (~ 1 0 0 me t e rs ) portio : . o f the s ec t i on 
cons i~~ts of grey, r e l ati. vely massive cong~omeratc and coarse -
grai ned sandstone . Th ese are transitiona l upward i nto the 
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Tab l O! J 
:ompo el ~ e s ect i on ti".r ougc the S ou thweat It 1 vtr Por.t1on ( Ja ) ( au' tex~ ) . 
12G 
"'e "t ers 
0 
• ~~ meters 
Red, mediurr._ b edded ( 1 5-2C crm ) cron laminated med i um grained 
sandstcn e wi tr. minor 1ntrafo~tional eol'llllomera te . Red a 'Ia le~· 
t-e ds (uf t c : mt>ter) c o-on. 
Th ick t c ver y thicl< ( aver&«e 1 met.r ) red aandato ne , COJ>€,l omt>r e t e 
ar.c s il t stone. Se.ndetonea cross- la.m1nattd aml s coured. 
ReG and green fi ss ile eand.a tone . 
I n t erlaminated and int erbedded red -wh i tier. aand.etone &nd red 
sr.a le o·Jerlyin& coarae gro.in•d sandotone with la.rg" scal e 
cro•s bedd ing. Minor s o f t green 5 iltotono. 
# Jllledlurn t o c oa.rae gra ine d light grey oandatcne. 
Red t c wt-. i ti s h sandstonf! with fine grained sandy a.nd a il t y 
l arnina"' . 
Red, pebbly , thin to thick b edded ( ; meter ) aand.a ton• wU:r. 
:.r.~nformationa 1 co~lomerate- . co~only f iuile. On s trike wit r. 
r ed fissile sandstone and s hale. 
Gre;- Mssive t o poorly lo.minatecl aandBtone o.rd jr;re.nule t o pebole 
c onglomera t e 
lil38s l v~ al!lyp,!la l o iclal basalt. 
u &rk gTeen, poorl:o' laminated, tr.i ck ~dded eo.ndstone. Soa tt•r•d 
r. b lon~ fra!p•ents of f ine grained red sandetone u p t c 4 0 em lof>~ . 
,..: o outcrop . 
Red , pebt l:;. l am i na t ed t o mass ive, thick bedded aanda tone . 
Red. poorl :; s orted , croas laminated t o cro .. bedded. aanda ton• . 
R e~ . medl u~t t c eoo. r ee grained laminatld to mas•1ve, t hic k t c 
very t-hickly bedded sandston e. 
Grpy ~o minor red -••ive, c oar11e crai ned t o v ery coaree ~trained 
( ) 1 lUI) aande tone , pebbly aandetone, pebb lo CO?>f!lomera t e. Poorly 
s orted with clo.ata up t o 12 em aero•• · C!'o .. laml.na t e<'l t o croaa 
h~ded ea.ndnone. 
l'r actured maf ic to leaaer ailicic voloo.nic r ock•, porphyritic 
d labue . 
-------------Paul t c ontact with 1'hor burn Lake ;ormation-----------
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2. The sandstoijes, especially ~n the lower half of the 
section, are mainly coarse-grained and are characterized by 
thick bedding a n d cross •stratification, commonly in sets )3 0 em 
in thickness. 
3. From the middle portion of the section upward, finer-
<Jrained red sedimentary rocks including red shales arc rela-
tively common, along with associutea i ~traforrnational con-
glomerates. Beds also tend to be thinner in the upper portion 
of the section (Plate XXII). 
- 4. The sedimentary rocks are commonly micaceous. Rocks 
typical of the upper half of the section are predominant west 
and north of Port Bl andford. 
Bedd ingffabr ic relations and pr:- imary fac ing cr:- iter ia were 
used in determining the structure (Sec. A-A'; Fig. 1.1). On 
Nort hwest River, a basal red pebble cong lome rate of the South-
west River Formation is foliated (Plate XXI II) and contains 
the same fabri c relations as the f l ows, volcaniclastics and 
dykes of Unit la beneath. The lower contact is undulating and 
appears to have some re l ief on the volcanic rocks. This may 
be an erosional feature. The conglomerate is up to 3 meters 
thick and is over lain by black to green slate and red to grey, 
laminated to massive, cross-bedded sandstones. Bedding is 
overturned in a number of places (Plate XXIV) but is openly 
warped to the east (Pla.te XXV). Sedimentary structures are 
well preserved on the north shore of Cl ade ~ound . Cross-
laminae are we ll developed on a centimeter scale in beds up to 
2 meters thick. Also evident are symmetrical ripple marks, 
mudcracks and load casts (Plates XXVI and XXVII). 
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Plate XX II: Thin to medium bedding in intercalated red 
sandstones and shales in upper portions of 
Unit Ja. Southwest River. Hammer is 30 em in 
length. 
Plate XXIII: Foliated basal pebble conglomerate of Unit Ja 
on Northwest River. Pencil approximately 11 em 
in length. 
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·Plate XXIV -: Slightly overturned red beds (younging to 
right) of Unit 3a near mouth of Northwest-
River on Clode Sound. Hammer approximately 
30 em in length. 
Plate XXV: Open folding in very thick bedded red sandstone. 
North shore of Clode Sound. This outcrop is on 
the east limb of the fold depicted in section 
A-A' , Fig. 1.1. 
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Plate XXVI: Cross-bedding in Southwest River Formation. 
North shore of Cla de Sound. Pencil 
approximately 12 e m in length. 
Plate XXVII: Symmetrical ripple marks in Southwest River 
Formation. North shore of Clade Sound. Hammer 
• 
approximately 30 em in leng·th . 
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Plate XXVIII: Cross bedded pebbly sandstone and conglomerate 
in Southwest River Formation. Southeast shore 
of Clade Sound. Hammer head approximately 
18 em in length. 
P.late XXIX : Photomicrograph of clast of sericite schist 
in red sandstone (Ja); x-nicols, x12.5. 
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Northeast of Port Bland ford fine to med i um grained 
sandstone and siltstone are common; they are interbedded 
with lenses of pebble conglomerate (Plate XXVIII). These 
rocks are probably in the lower half of the sedimentary 
section and appear "transit.ional" into sedimentary rocks of 
Unit 2a. At Mi ddle Point, conglomerate and pebbly sandstone 
beds up to 2 meters thick with cobbles up to 20 em across 
are associated with poorly so r ted non-bedded lapilli tuff. 
I t is not uncommon for beds to change from a green to 
r~d colourboth laterally and vertically. This obse rvat i on is 
in accordance with recent ideas and suggestions that the red 
colourof red beds may in large part be a diagenetic or at 
least a post-depositional effect (Walker, 1967: Walker and 
· Honea, 1969; Turner and Archer, 1977) . 
Irregular veins containing quartz and lesser epidote 
and ca~cite are generally conformable wi th bedding. 
J.J.J.J Petrography (Ja) 
On the basis of their mineral composition these rocks 
. range from arkose to lithic arkose and minor sub-arkose 
(Folk, 1974). Texturally they are mainly submature and are 
not well sorted: grain morphology varies from sub-angular to 
lesser sub-rounded. The grains are generally closely packed 
with a seriate gra.in-size distr i but i on, although a very fine- . 
grained matr ix , commonly altered to sericite and minor calcite, 
comprises up to 50% of some sandstones. 
Volcanic fragments, dominated by silicicfcompositions, 
are the dominant clast type. The following is a list, roughly i n 
J 
• 
' 
' 
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o rder of decreasing abundance, of clast compositions occurring 
1n these rocks; 
1. S~dic plagioclase 
2. Quartz, commonly showing embayment textures. 
). Aphanitic rhyolite and dacite, most commonly red i n 
color 
4. epidote 
5. muscovite flakes, comfuonly partially replaced by 
chlorite; especially common in silty beds 
6. aphanitic, amygdaloidal mafic to intermediate 
volcanic rocks, commonly thoroughly oxidized \ 
7. grey argillite and diorite 
8. fine grained microcline granite 
9. very minor microcline 
10. rare sub-rounded clasts of fine grained kinked 
sericite schist (Plate XXIX). 
J,J.J.4 Geology (Jb) 
To the east and south of Port Blandford, volcanic rocks 
o f this member comprise a lensoid unit. They form the core of 
an antiform flanked by Un i te Ja and 2a and crop out on the 
east limb of the complementary synformal structure described 
in the previo us s~ct ion but do not reappear on its west limb. 
Hence, these volcanics are probably equivalent to much of 
the lower section of Un it )a exposed on the west l i mb o f t he 
syncline. In fact, portions of Uni~s Ja', Jb, and 2a may be 
facies equivalents. Gravity data {Weir, 1970) suggest t hat 
Unit Jb is much more extensive in the subsurface (H. Miller, 
pers. comm., 1978) .. 
A relatively planar stratigraphic contact between 
rhyolite of Unit Jb and overlying sedimentary rocks ()a) is 
exposed on Wat ershoot Steady Brook about 2 5 0 meters east of 
• t h e Trans -Can ada Highway (TCH). The flow band ing in t h e rhyolit~s, ar locally flow - folded. is generally even and gently 
J 
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dipping to flat lying and conforms to the attitude o f the 
overlying strata. 
The greatesl outcrop width of th1s member is along 
W~tershoot Steadies. It is d ominated by at least 70% red to 
grey rhyolite wh:ch is finc -grain~d to aphan itic and locally 
fl ow-banded. These rocks commonly show conc hoidal fracture 
and are p orphyri t ic with pink to green altered plagioclase 
phenocrysts up to 2 mm long. Massive rhyolites are interbedded 
with finely comminuted )to coarse grained rhyolitic breccias 
or autobrecciated rhyolite with angular blocks up to 15 em long 
in a red siliceous matrix. 
Basalts are intercalated with the rhyolites. They appear 
to be more abundant in the north and south and together with 
d)abase dykes make up about 2~ of this uni t . The basalts are 
medium grey to reddish ( hematite-stained), fine grained and 
amygd a l oidal; they l oca lly contain olivine phenocrysts altered 
~! 
to iddingsite. One flow contains an angular block of rhyol ite 
approximately 65 em in length. Amygdules vary fro m rounded t o 
amoeboid in shape: they are up to 6 em l ong and make up less 
than 1 O% of most flows, though locally t hey are much more 
abundant and tend to concentrate in vague patches. Epidote, 
chlorite, hematite, calcite, quartz and locally albite(?), 
prehni te and pumpen_yi te fill the amygdules in varying 
proportions. 
A few massive beds of red sandstone a r e intercalated 
with the volcanic rocks. One coastal outcrop of massive, 
unsorted conglomerate contains well rounded clasts (up to 
JO em across) of amygdaloidal basalt, red sandston e , red 
J 
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rhyolite and mi nor grey-green siliceous siltstone. Quartz 
1s abundant in t he matrix. 
These roc ks are pr e dom inantly un f o li a ted. However, 
rhyolites in the east portion of the member have a very f i ne 
grained anastomosing stra i n-sl i p fabric which masks primary 
t extures. The f a bric clements have been disoriented in places 
by later fracturing. Light . yellow- green sericite schist with 
a foliation dipping gently east-southeast is locally developed. 
J.J.J.5 Petrography (Jb) 
Both petrographically and chemical ly, these volcanic ' 
r ocks constitute a marked l y bimodal su i te. 
Flow-banding in the rhyolites is up to 7 mm thick and is 
defined mainly by differences in grain size, varying 
concentrations of dissemina t ed hematite and preferentjal 
development of epidote (Pla t e XXX). Most b ands have a felsiti c 
texture (in the sense of Hatch et.al., ~972) composed largely 
of quartz and p otash feldspar. Some bands are dominated by 
microspherulitic cryst all i zation of quartz or pectinate 
(axiolitic) crystallization in the thinnes t bands. Trachy t ic 
intergrowths of quartz and potash feldspar occur in some 
sections; grain boundaries are outlined by a fine hemat i te 
dust. 
Scattered microphenocrysts o f sad i e plagioclase (<2 mm ) 
are common and may include diffuse zones of potash feldspar . 
A pink microcrystalline plug (?) of rhy olite (Loc. 427 ) 
c utting Unit 2 b c onta ins <5% anhe dral to subhedral a lka l i -
f e ldspar phenoc rys ts which exhibit a patc h - o r flame - like 
J 
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· Plate XXX: Photomicrograph of typical flow banded 
rhyolite (Jb); x-nicois, x16. 
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perthitic to anti-perthitic intergrowth of potash feldspar 
and albite. These l ocally include small disorient ed bleb~ 
of quart z. The present compositi on and texture& o f these 
phenocrysts may well reflect alkali metasomatism. 
Hematite occurs as a fine dust, anhedral grains, ard as 
thin spindles up to 1 mm in length, in amounts ranging from 
less than 2% to about 5%. 
Very fine grained (<.01 mm) tuffs occurrihg along 
Watershoot Steadies include angular quartz, K-feldspar and 
plagioclase grains up to 0.15 mm in an altered brown silicic 
\ 
groundmass. 
Secondary minerals ~n the rhyolites include ~inor 
sericite, epidote (< 5%) and very minor chlorite. Accessory 
piemontite partly replacing plagioclase ~henocrysts occurs 
locally. 
The mafic volcanic rocks a r e fine-~rained (<0. 5 mfu) and 
var iably altered; they include basalt and olivine b a salt. 
Secondary mineral assemb l ae,es indicate a sub-gree~ sch i st 
(prehnite - pumpellyite) metamorph i c grade, in contr ast to thP. 
lower greenschist mineral assemb l ages developert in White 
Point Formation flows and dykes. 
The basalts are characterized by intergranular to ophitic 
textures. They are composed of 50-60% plagioclase, 15- 25~ 
augite, 0-1~ olivine, 5-l~ hematite, 10-20% chlorite, epidote, 
sericite, and calcite. The plagioclase is albitized and 
partially replaced by epidote, chlorite, ·and lesser seri c i t e; 
the olivine is a ltered t o serpentine, iddingsite, and opaque 
minerals. Minor suhhedral pl a gioclase microphenocrysts are up 
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to 2 mm across and anhedral to subhedral olivine ph~nocrysts 
are up to ) mM in lengt h . The matrix adjacent to the margins 
of so~e vesic les has been thorough l y ~pidotized and 
~arbonatized and m:~or quar ~z occ urs l ocally in the matri x. 
J.J . J .6 Correlation s 
~he Southwes t ? iver Form~t~n l i e s wi thin an ex t ens i ve 
·:) el--: o f red sed : l"len~ar:r r oc lcs and 'lolcanic roc ks.Jiwhich is 
8.pproxi!'!late l :; lJO lc ~ ••. length and extends from the northwest 
nor~ i on of the S ourd Is:and m~p shee ~ . Placentia Bay, where 
volcanic ro~ ks pr~do~ i na~e (Anrlers~n, lq6~; Hussey, 1978a) 
t o nor~hern Bonqvista 3ay (J e nness, 1Q6J), Both Jenness ( 1963) 
and Anderson (196S) referred ~hese r ocks to the Musgravetown 
Gro up. The contac--: rela tions~ i ps of t he Southwest River 
p +. t . . 
. o r ma "1 on are desc r 1bP.d 1n s ee s . ) . ). 2 . 7 a nd ).J.J .l. I t was 
largely undivided bu~ ,Jenness did delineate certain areas 
underlain by specif i c format ions. In the Gl overtown area, 
Dal Bello ( ~ 977) expanded the belt to inc l~de portions of 
J enne ss' Love Cove Group and di s tingu ished f our format i ons 
modelled after those of Jenness (196J). 
Jenness (196)) and Younce (1970) considered gently 
dipping sedimen tary rocks (sandstone, quartzi te, s i ltstone, 
and shale) on Locker's Flat Island in n orthern Bonavista Bay 
to be Eocambrian (R a ndom) in age. Recently, suggestions 
have been made that these strata, wh ic h appear conformable 
wi th red sed i mentary rocks possibly equivalent to the 
Soathwest River Formation, are lithologically similar . to some 
Eocambrian d~pos its (eg. Chapel Island Formation) o f Fortune 
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Bay a nd the southern Dur in Peninsula (B: Greene, S. O'Brien , 
C. F' . O'Driscoll; p ers. comrr.., 1978 ). In t he same area o:f 
Bonavista Bay , the unfoli a ted, gently dipping red beds are 
in fault contact with Love Cove Group schists (.Jenness , 
196)..; Blackwood, 19?6 ). 
J. J.J. 7 Interpretation 
The terrestrial-fluviatile nature of these deposits 
appears certain in view of: 
,......-·· ~ '• 
1. the dominant fed, oxidized state of much of the 
sequenc e 
2. the abundance of conglomerate and coarse sandstone 
J. the conunonly well:' developed large scale (>JO em se t s ) 
cross-stratification. According to Turner and Wal.ker (197J ) , 
the presence of cross-stratificatioh in sets more than 10 em 
thick strongly suggests shallow agitated water. 
4. red siltstone containing mud-cracks 
5. coarse intraformational conglomerate (tabular red 
shale and siltstone fragments up to 40 em long in sandstone 
beds) 
6. the association with highly oxidized amygda l oidal 
basalt and rhyolite flows. 
Cfnstraints placed on a palaeoenvironment al interpretation 
of these rocks are necessarily limited by the lack of detailed 
stratigraphic · information, both iJl a lateral and a vertical 
sense. However, the l arge volume of data in recent years 
concerning ,.a ·number of different types of fluv iat i le settings 
makes possible the formation of generalized model s (eg. Allen, 
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1970 ; Smith, 1970; Miall, 1970: Cos te llo and Walker, 1972: 
S t eel, 1974: Hayes and Kana , 1976: and Walker, 1976 ). The 
a pparent trend, up section , towards generally t hinner bedding 
a nd finer e,rain sizes inc luding red shales (overbank fines or 
vertical accretion depos its ) may indicate the gradual. ma)uring 
of a river · system or systems with the development :of a lower-
eneq~y hydrauli c regime. This may have resulted from an ero s i onal 
retreat of the source area and/or a lowering of the river 
gradient. Contempora neous or semi-contemporaneous volcan i s m 
or active syn~volcanic faulting may initially have provided 
a high relief and subsequent dissection could have produced 
the observed temporal variation in the style of sedimentation. 
Coarse grained thick bedded sands t ones and intraformational 
conglomerates in the upper half of the sequence ma y reflect 
(sudden?) increases , in river gradient via continued :faulting 
,. 
within or at the margi ns of the basin or could be due to 
purely environmental controls. 
As indicated, lack of detailed stratigraphic information 
makes it impossible to model tbese rocks specifically after 
either of the two best known :fluvial systems (i.e. braided 
river, or meandering system) although it is obvious that 
development of a braided or meandering sys,tem will t in part, 
be controlled by the kind of gradients encountered and the 
grain size of the sediment loa}· In that light, the sedimentary 
section could rep:r:esent a composite palaeoenvironmental scheme. 
However, current' theory would suggest that soil b i nding by 
• plants is an important factor in stabilizing river banks or 
l evees in meandering rivers , although accumulations of clays 
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and ot he:r"',:·fine mater ia] may be of equal ut i l ity i n that 
rer,nrd (S chumm , 196R; fllcGowen and Gerner, 19?0 ; Smi th, 1976) . 
There fore , it is gener ally accepted that meandering systems 
are largely restr i cted to post-Silurian times. Hence, an 
alluvial fan and/or braided river mode l (McGowen and Gerner, 
1970) is suggested for thes e rocks , especially i n view of 
the · ~arse-grained na tur"' of many of t)l.ese s edimentary rocks. 
An alluvial fan environment, developed on fault scarps ( ? ), 
probably dominated the earlier stages of development of the 
sequence. 
The close as~ociation between bimodal basalt-rhyo l ite 
suites and tensional tectonic environments, either in 
continental or oceanic settings, is well documented ( eg. 
Gibson and Walker, 1964; Cox, 1971; Rao, 1971: Martin and 
Piwinski, 1972; Lipman et.al., 1972, 1978; ~lachendorf, 1973; 
and Rankin, 1976). The similarly bimodal, alkaline (Chapter 
6) nature of volcanic rocks in the Southwest River Formation 
appears to indicate a comparable tectonic regime and in fact, 
the fault which presently bounds Unit Jb (Thorburn Lake fault) 
may have been active, along with others, during such times. 
Gravity profiles (Weir, 1970) across that fault indicate a 
west dip with a significant amount of normal movement 
(H. Miller, pers. comm., 1978). This faulting may have been 
more widespread than it now appears and may well have been 
contemporaneous with and spanned the duration o:f volcanism 
and s~dirnentation represented by the Southwest River Formation. 
The che m:i:cal and petrographic signature of Unit Jb discussed 
above, along with th.e gross strat igraphic development of the 
/ 
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f:r!dl:ne n t <~ ry rocks of U:-, it )a, strongly suggest graben 
de·.f(~ 1oprnent associ<Jted w.i.. Lh an exLensional tectonic regime. 
J .1~ CONI\ECTING POINT GRO UP ( 4) 
J.4.1 General Statemen t 
Rocks assigned to the Connecting Point Group (Hayes, 
1948) crop out along the shore of C lode Sound in the north-
eastern portion of the map-area. Aside from exposures no h-
east of Bread and Milner's Coves on the north 
shores of C lode Sound, rocks referred to this 
Platter Island and a strip of coast line less than 1 km in 
width on the south shore of Clode Sound due east of the 
Charlottetown peninsula (Fig. 1). The latter occurrence has 
not been previously reported. 
Hayes ( 1948) originally recognized the angular unconformity 
immediately east of Milner's Cove on Clode Sound. He named the 
sequence of sedimentary rocks below the unconformity the 
Connecting Point Group and the volcanic and sedimentary rocks 
above, the Musgravetown Group. The type locality is situated 
at the head of Clade Sound, approximately 5 km northeast of 
Milner's Cove. 
An independent thickness estimat~ of this group can 
certainly hot be made here; however it is instructive to 
review previous estimates. Jenness (196J) in the Bonavista 
ll) 
Bay area did not recognize a top or bottom to the group but 
estimated a thickness of between 25,000 feet (7700 meters) 
and JO,OOO feet (9200 me ters). McCartney (1967), wor king to 
J 
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the south, could not define the base but included 
approximately 9000 feet (2750 meters) of strata in the 
Conn ecting Po i n t Croup. 
Detailed studies of this group are beyond the scope 
of this work and~hence only a lithological characterization 
of coastal outcrops in the Bread Cove -Milner's Cove area 
will be given. 
).4.2 Geology 
Regionally this group is dominated by argillite, lesser 
greywacke, cherty quartzite and minor conglomerate and mafic 
lava flows (Je~ess, 196J). In the present field area it 
consists predominantly of white-weathering, dark grey, thin 
to medium bedded and finely laminated siltstone and siliceous 
siltstone or slate (see Plate XXXII). These are locally 
graded. Beds of greywacke 10-20 em thick occur in the north-
east and contain angular intraformational clasts up to 1 em 
across. At one locality immediately northeast of Milner's 
Cove, a siltstone bed contains scattered yellow rounded pebbles 
of felsite (?). Jenness (1963) reported abundant, relatively 
fresh sedimentary and volcanic detritus in these rocks. 
The beds are stee~ly to moderately dipping and are 
asymnP.trically folded on variably plunging axes or drag 
folded on steep fractures. The cleavage is heterogeneously 
developed and is commonly parallel to bedding, Boudinage and 
brecciation of less competent beds has occurred although 
brecciation is in places confined to the hinge region of folds. 
J 
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Plate XXXI: Mafic dyke which post-dates foliation (S 1 ) in 
the Connecting Point Group. West side of 
Bread Cove. Hammer is approximately 30 em in 
length. 
Plate XXXII: Angular unconformity between the Connecting 
P.oint Group .and overlying· green conglomerates 
of the Cannings Cove Formation. East of 
Milner's Cove. 
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These rocks are slaty in appearance with incipient development 
of ve r y fine grained ser icj te, On the west side of Bread 
~oye they may be described as phyl lites; ·a fine grained 
penetrative sericitic fabric has been folded on a smal l 
scale and kinked in the westernmost outcrop, about 100 
meters east or the nearest outcrops of th~ overlying 
• 
Cannings Cove conglomerates. The fabric is brecciated in 
steep, narrow zones up to 10 em wide. This is probably 
" related to faulting of the contact between the Connecting 
Point and Musgravetown Groups. 
One distinctive feature of the Connecting Point Group 
in the field area is the presence of ubiquitous diabase 
dykes and sills. These make up at least 5~ of the whole but 
locally are much more abundant. They ·are less than 4 meters 
thick and show well developed chilled margins, These dykes 
are brown-weathering, light to medium grey, fine grained 
and may locally have vesicular interiqrs. They are generally 
massive with local fracturing and minor displacement of the 
~ 
contacts. The diabase dykes appear to post-date the phyllitic 
or slaty cleavage in the sedimentary rocks (Plate XXXI). 
Chemically they resemble the overlying mafic lavas of the 
C lode Sound Formation. 
J .4. J Contact Relationships 
In contrast to Hayes (1948), Jenness (1963) thought tha I 
contact at Milner's Cove to be a fault of sinistral 
\ 
displacement, although he did recognize an angular unconformity 
between these groups at Southward Head, eastern Bonavista Bay. 
-----
J 
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Younce (1970) and the present author concur with Hayes' 
(1948) original .description . The contact is not a pl ane 
surface and appears to be of a relative l y irregular erosi onal 
nature with steeply dipping thin-bedded sedimentary rocks 
beneath and massive, non-bedded green conglomerate above 
(Plate XXXII). The rock face by which the unconformity is 
exposed is, in fact, a steeply dipping slickensided fault 
surfa·ce, but there is no evidence for movement along the 
trace of the contact itself. Al ong the north shore of Clade 
Sound the contact i s not expased. Red conglomeFates of the 
Cannings Cove Formation form a conspicuous, steep, east-
facing, north-trending scarp. Ad j acent outcrops of Connecting 
Point Group rocks show evidence of brittle frac t u r i ng and 
brecciat ion in steep narrow zones. Hence, the contact north 
of Clade Sound is thought to be faulted. 
Younce (1970) recognized the unconformity at M i lne~'s 
Cove, but reported that to the north, in the Newman Sound 
area, the Bull Arm Formation overlies the Connecting Point 
Group without angular unconformity. McCartney (1967 ) described 
a conformable relationship between those same two units in 
the Isthmus of Avalon area although he admitted that the 
contact relations were not entirely clear in that area. 
Despite this, in the Merasheen Islands of Placentia Bay, several 
hundred feet of sedimentary rocks s i mi lar to those of the 
Connecting Point Group have recently been reported t o underlie 
conformably a bimodal volcanic sequence presumably correlat i ve 
with the Bull Arm Formation (O'Driscoll & Muggeoridge, 1978). 
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Such ambiguities in r egjonal contact relat i onships may either 
s hed ljght on the inhomogeneous nature of pre-Muscravetown 
Group tectonics or conversely may shed doub t on the present 
understanding of the age and correlation of the various 
hi modal volcanic seq uences overlying the Connect ing Point 
Group in the western Avalon Zone. 
).4.4 Correlations and Interpretation 
Jenness (1963), McCartney (1967), Anderson (1965) 
O'Driscoll (1977b), and O'Driscoll and Muggeridge (1978) have 
outlined the regional distribution of this geographically 
extensive, undivided, largely fault-bo_und·ed group. It is 
restricted to a north-south trending belt approximately 150 
km long, extending from central Bonavista Bay to the islands. 
of central Placentia Bay. It lies to the east of, and in the 
~ 
north adjacent to, the Love Cove Group and its correlat ives. 
Unfortunately, the contacts are invariably raulted or covered 
(Jenness, 1963; Younce, 1971: Dal Bello, 1977), 
Jenness (1963) thought the Connecting Point Group to be 
younger than the Love Cove Group and inferred an uncqnformi ty 
• 
between them because of the more deformed nature of the latter. 
Younce (1971) rejected this interpretation, considered the 
Connecting Point ··Group to be the oldest unit in the region, 
and thought the Love Cove Group to be a deformed equivalent 
of the Bull Arm Formation. O'Driscoll and Hussey ( 1977) 
suggested that the two groups are temporally equivalent and 
proposed that the ·connec ting Point Group could represent a 
t 
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marine basinal faci es of the Love Cove Group volcaniclastic-, 
pile which is alsa flanked on the west by a partially 
subaqueous detrit·tl ap~on (i.e. Thorburn Lake Formation) • 
• 
However, little or no detai led sedimentol ogical and 
stratigraphic work has been done on these rocks although 
reconnaissance work by the present author and A. F. King 
indicate that significant portions (in the upper half? ) of the 
Connecting Point Group are of a relatively shallow-water 
facies. Further, probable correlatives of the Connecting 
Point Group in western Placentia Bay grade conformably in~ 
overlying white quartzites very similar to those of the 
Random Formation (C.F. O'Driscoll, 19?8a; pers. cornm.,1978). 
Detailed mapping may yield results simi~ar to those obtained 
by Williams and King (19?6) on the possibly correlative 
Conception Group of the southeastern Avalon Peninsula. A 
truly meaningful integration of this sequence into a regional 
synthesis of the Avalon Zone must await such work, 
. - -) 
).5 MUSGRAVETOWN GROUP 
).5.1 Introduction 
Jenness (1963) outl i ned the distribution of ,the Musgrave-
town Group throughout the Bonavista Bay map-area; he 
. \ I 
established a five - fold subdivision of the group, based i'n~""'"-
part upon formations established to the _south by McCartney 
(196?) (Table I). However, Younce (19?0) considered these 
subdivisions to have no chronolo$ic s ignificance and to be 
in large part facies equivalents. Jenness (1963) found no 
. I 
J 
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on P. co'tnplete se c ~.ion f or t he Musgrave town Group i r1 Bonavista 
B~.v and estimat ed its t h ickne~;~ at 10 , 000 f'eeL {J 060 r:Je t ers), 
whi l e McCartney (196 7 ) e s timated an approxi ~at c 1), 000 f e et 
(3900 meters) t h ickness for · the group. 
In this study, mapping of r ocks assigned t o the 
Musgravetown Group was carried out only al ong Clade Sound 
and along a strip of ground adjacent to the Charlottetown 
Fault. Outcrop is very poor to the east of the field area 
and all contacts with the very poorly exposed western 
I 
Cambro-O~dovician basin of Jenness (196)) are covered by 
glacial drift. Good coastal exposures allow definition of 
three constituent formations of this incomplete secti on of 
.. 
the Musgravetown Group. These are the Cannings Cove Formation 
(Jenness, 196)), the Clade Sound Formation (Bull Arm Formation 
of Jenness, 1963) and the Charlottetown Formation. However, 
there are significant differences in the pr oportion of 
sedimentary to volcanic rocks and mafic to silicic volc~nic 
rocks between the north and south shores of Clade Sound, 
suggesting that the various lithologies within the Clade 
Sound Formation are in large part facies equivalents. The 
simple, unbroken, homoclinally dipping sequence on the north 
shore yields reliable thickness estimates for the Clade Sound 
and Charlottetown Formations. A complete section for the 
Cannings Cove Formation is exposed on th~ south shor e at 
Milner's Cove. From these two sections a total thickness of 
between 2060 and 3560 meters is estimated for the whole 
section. The uncertainty in the estimate i s due to the lack 
" 
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of :-.trntification in the volcanic r uc b::. 
It may be significant that the const i tuent rock types 
of this group are in many respectc; quite s imilar to those 
of the Southwest River Formation . The implications of this 
will be discussed in a later section . 
3.5.2 Cannings Cove Formation (5) 
].5.2.1 General Statement 
Jenness (1963) found the Cannings Cove Formation to be 
highly variable in thickness, ranging from a complete 100 ft. 
(JJ meters) section at Southward Head, southeastern Bonavista 
Bay, to an incomplete 2400 ft. (735 meters) section at the 
type locality, approximately 5 km east of Milner's Cove. He 
subdivided that section into a lower 1700 ft. (520 meters) 
sequence of green conglomerates and an upper 700 ft. (214 
meters) section of red conglomerate and lesser sandstone. 
He thought the lower contayt with sedimentary rocks of the 
Connecting Point Group east of Milner's Cove to be a fault, 
and therefore considered the 340 ft. (113 meters) of 
sedimentary rocks below the stratigraphically lowest 
occurrence of volcanic rocks to be incomplete. In this study 
red conglomerates and minor basaltic flows previously 
includ~d by Jenness (1963) in the lower portions of the Bull 
Arm Formation are placed within the Cannings Cove Formation. 
A thickness of 5JO meters is estimated for this redefined 
unit. 
Younce (1970) interpreted the abundance of fresh volcanic 
• 
J 
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de t ritus in the Canninfs Cove Formati on, along with the 
a pparent local absence of conglomerates intervening between 
t he Bull Arm Format ion a nd the Con~ecting Po in t Group, as 
ev i dence that it is ei !her equivalent in a~e t o or yoJnger 
than 'he Bull Arm Formation . Dal Bello (197? ) concurred 
with t ha t view. The sections on Clode Sound however clearl y 
ind icate that t he Cann i ngs Cove Formati on underlies a nd is 
older than or contemporane ous with a maj or port ion of the 
Bul l Arm Formation. 
3. 5 .2.2 Geo l ogy and Petrography 
The formation is dom i nated by red, poorly s orted, 
paracong lomerates. I n the Clade Sound area it i s c omposed o f 
three litho logic subd ivi s ions. These subunits are: l , Basal 
green conglomerate and sandstone (40 meters); 2 . red 
conglomerate and sandstone and minor basalt (455 meters); 
), grey to red, fine to very coarse grained sandstone ( )5 
meters). The co l ourof these rocks reflects the fine hemati t ic 
coating on individual grains. The basa l green cong lomerat es 
include more sedimentary detrit~s than the red sequence. This 
detritus was derived mainly from the underly ing Connecting 
Point Group. Otherwise, the red and g reen conglomerates are 
s i milar .. 
Members 1 and 2 are composed dominantly of ~ent l y-to 
steeply-dipping polym i ctic conglomerate and subord ina te 
medium-to coarse-grained sandstone. These sedimentary rocks 
are th i n-to thick-bedded; the sandstone, l oc al l y laminated, 
"(- -- -
- -- --- - ..........., 
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occur·s H l t ll; d u t.;.p t o l S c r:: t !li. c k or may occur as c r oss - be ds 
i n ci:a nnel d e pu :; ~ ts occ-,.q> ~· :;, E. scours up t o 40 em deep, 
( Plat e XXXII I ). Bed ::1 i ng i s de fi neri by cont r as t s in grafn 
size and in t he c onglo~er~~e s i t i s acc en t uated by an 
align~en t or i mbri c a t i o ~ of c lasts (Plate XXX IV). The 
congl omerat0 ~ are po orly sorted; clasts range from a coarse 
sand - size t o rounded bou l ders J5 em in diameter and vary i n 
-
shape from angular to we ~ l ~unded (Plates XXXIII and XXXV). 
Red s hale occurs locally. 
There is a wid e var i ety of detritus. Different rock 
types, variable in abund a nce, include1 
lt. 
1. green sil t stone, greywacke, and black chert (Connecting • 
Point Group ) , 
• 
2. red to green sandstone, 
J. red aphan i tic rhyolite 
4. massive to amygd a loidal basalt, which may be highl y 
oxidized 
5, fine grained tuffs and felsic clasts 
6. p i nk, medium gra i ned, in part porphyritic, perthitic 
to granophyric granite: very minor foliated wh i te l eucogran i te 
(see Plate XXXV). 
7. quartz and lesser feldspar fragments 
~ 8. various altered siliceous rocks including fractured 
grey altered rhyolite (?) 
9, lo~,ally up to 5-l~ white to light g reen sericite 
s chist or sericitic tuffaceous rocks. These are most prominent 
west of Bread Cove (Plates XXXVI and XXXVII). 
10. medium-grained garnet-biot~te-muscovite -quartz schist 
.. 
J 
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Plate XXXIII: Scour in Cannings Cove conglomerate filled 
with sandstone. Note imbrication in conglomerate 
above scour. West of Bread Cove. Hammer is 
approximately JO em in length. 
Plate XXXIV: Typical outcrop of red cong·lomerate and 
sandstone of the Cannings Cove Formation, west 
of Bread Cove. Field of view approximately 
10 meters. 
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Plate XXXV: Closeup of typical Cannings Cove conglomerate. 
Note the pebble of foliated leucogranite. 
Plate XXXVI: Similar to Plate XXXV but with abundant clasts 
of sericite schist. 
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CE N TI M ETRES 
·Plate XXXVII: Slab bed section of Cannings Cove 
conglomerate, note abundance of clasts 
of sericite schist. 
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Plate XXXVIII Inverse graded green sandstone bed with 
black shale chips at base. Near top of 
Cannings Cove Formation west of Milner's 
Cove. 
Plate XXXIX Load cast and pseudonodule development 
in green lam i nated sandstone and siltstone. 
Cannings Cove Formation west of Milner's Cove. 
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11. rare foliated garnetiferous leucogranite (R.F. 
Blackwood, pers. comm.) 
12. in the Cannings Cove area, grey diorite and quartz-
• plagioclase-hornblende gneiss (Younce, 1970). 
Subordinate fine-grained amygdaloidal flows in this 
formation are up to 25 meters thick. They locally have 
oxidized, sc?riaceous flow tops and amygdules are commonly 
streaked out in the plane of flow. Mafic dykes with chilled 
margins cut both the flows and sedimentary rocks. 
Member J occupies the uppermost J5 meters of the 
Cannings Cove Formation. It consists of grey to red, medium-
bedded to very thinly laminated sandstone of variable grain 
size. A few inversely graded beds about 10-15 em thick vary 
from finely lamina ted silty bases up to coarse &rained 
sandstone (Plate XXXVIII). Black shale chips occur in the 
lower half of some of these beds. One green sandstone bed 
about 30-50 em thick s~ows well developed load casts up to 
20 em across and smaller pseudonodules,· (Plate XXXIX). 
/ 
. / ,/ 
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J.5.J Clade Sound Formation (6}~ 
J.5.J.l General Statement 
McCartney (1967) named the predominantly volcanic 
assemblage, comprising the lower portions of the Musgravetown 
Group in Trinity Bay, th~ Arm Formation, and Jenness 
(1963) correlated the volcanic sequence on Cl ade Sound with 
that unit. However, the chemistry of the silicic rocks in 
that sequence in the map area appears quite distinat from the 
·-. _ / 
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chemistry of rhyolites close to the type area of the Bul~ 
Arm Formation (Malpas, 1971). These distinctions will be 
discussed in detail in chapter 6. Hence, it is possible 
that these sequences are not correlative and therefore the 
. 
sequence on Clode Sound is tentatively renamed Clade Sound 
Formation pendrng further work. 
The Clade Sound Formation is defined as that sequence 
of volcanic and minor sedimentary rocks resting conformably 
upon the Cannings Cove Formation on C lode Sound, Jenness 
(196)) described basalts, andesites, trachytes and rhyolites 
from this section. However, petrographic and chemical studies 
indicate that the volcanic rocks are composed solely of 
basalts and p~1tellerites (peralkaline rhyolites enriched 
in Fe and depleted in A l203). The identification of the 
rhyolites as peralkaline is based solely on major and trace 
element data (see chapter 6). 
Jenness (195.8 , 1963) estimated the thickness of this 
section at somewhat over 2500 feet (?65 meters) but included 
sedimentary rocks here referred to the Cannings Cove 
Formation. The present estimate is between 800 and 2)00 
meters, assuming minimum anrl maximum average dips of 200 and 
600. 
The formation is divided somewhat arbitrarily into 
four lithologic subdivisions which have only limited 
stratigraphic significan~e;· However, several generalizations 
can be made about the volcanic rocks. Unit 6a is composed 
dominantly of basalt. Along the south shore of Clade Sound 
J 
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it consists exclusively of basalt with a sharp transition 
in the Old Hou3e Cove area (Loc. 119) up into Unit 6b 
pantellerites (the term rhyolite is used in Fig. 1 as a 
field designation) which underlie all the hills in the area 
(incl. .the Branch Hi:js southeast of Bunyan's Cove; Lac. )55). 
However, on the north shore of Clade Sound, the lower one-
third of the Unit 6a section is basalt while highPr portions 
contain increasing proportions of silicic rocks: mafic and 
silicic rocks are also intercalated south of Clade Sound. 
Both the basalts and the pantellerites have a strong 
aeromagnetic expression. 
It is difficult to make an accurate estimate of the 
proportion of mafic to silicic rocks on the basis of 
available data. However, on the whole, basalts may make up 
60-70% and the pantellerites J0-40% of the formation by 
volume, excluding the sedimentary rocks . . 
Unit 6c includes a variety of terrestrial sedimentary 
rocks associated with volcanic rocks of the Clade Sound 
Formation. Unit 6d includes minor- mafic stocks probably 
associated with the volcanic rocks which they intrude. 
).5.).2 Geology (6a and 6b) 
The basalts occur almost invariably as flows, indicative 
of "quiet" .fissure (?)-style eruptions. Inland, a minor mafic 
breccia contains fragments of porphyritic diabase (up to J em) 
in a sparse matrix. Their contacts are not clearly defined 
but the flows are probably in the order of 20 meters thick. 
.. 
.. 
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Bedding plane "jointing" is prominent in some flows and 
locally very thin even flow-1 ines are defined by fine 
concentrations of opaque oxides. 
These rocks are dark grey or green or locally red. They 
are dominantly aphanitic to fine-grained and are aphyric or 
sparsely porphyritic with olivine (up to 3.5 mm) or 
plagioclase (up to 6 mm) phenocrysts. Augite phenocrysts 
are uncommon but were seen in one inland outcrop ( Loc. 845) 
which also contains up to 30% plagioclase phenocrysts and 
minor olivine microphenocrysts. Oliv ine bas~lts (including 
the rocks containing the highest amounts of Mg) are most 
abundant stratigraphically below the first appearance of 
silicic lavas but do occur, more sparingly, hi gher in the 
section. 
Without exception, these rocks are amygdaloidal. The 
amygdule~, up to 5 mm across, are sparse in some flows and 
comprise up to 20% of others. They are variable in shape 
(Plate XL) ~nd may be evenly distributed throughout the flows, 
or occu~ in va~e patches or in intensely vesicular zones 
up to 1-J meters apart. These bands are gently dipping, 
the amygdules being elongated . ·in the plane of flow. This 
·suggests rather fluid laminar flow of relatively hot lavas 
(MacDonald, 1967). 
In roughly decreasing order of abundance, calcite, chlorite, 
hematite, epidote, sericite, minor quartz and locally K-feldspar 
-t "" . 
and albite ' occur in the amygdules, in thin irregular veinlets, 
and on joint surfaces. Hemati t~ staining is widespread and 
J 
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thin red "Liesegang colour-banding" is developed in places. 
This either parallels joint surfaces or occurs as concentric 
·bands which have at their core amygdules con_taining calcite 
and radially patterned or botryoidal hematite (Plate XLI), 
Diffusion rings developed in weathered basalts (Singer and 
Navrot, 1970) and granite (Augustithus and Otteman, 1966) are 
somewhat similar to these . . 
The pantellerites are pink, red or purple, and locally 
grey. They are aphanitic with conchoidal fracture. In places, 
they are pervasively jointed in rectangular fashion. A dark 
manganese stain or hydrous iron oxide is developed on the 
joint surfaces. These flows are sparsely porphyritic wi th 
pink to white euhedral fe l dspar phenocrysts up to 5 mm long. 
Vugs occur locally and are filled with polygonal quartz, 
chlorite, calcite or siderite. A light grey, f i ne-grained 
massive rhyolite dyke 6 meters thick contains minor pyrite 
and pyrrhotite. 
These rocks are evenly flow-banded on a millimeter 
to centimeter scale. The bands are defined most clearly by 
varying concentrations of hematite, and a hematitic mottling 
may accompany the banding. Especially along the south shore 
flow folding of the banding is well developed (Plate XLII) 
and is gradational into flow breccias (Plate XLIII) which 
contain angular, disoriented fragments averaging 0.5 to 1 em 
but locally reaching 1 meter in maximum dimension. The flow 
banding is probably the result of laminar flow in a viscous 
medium reflected by differential crystallization and 
J 
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Plate XL: Amygdaloidal basalt (6a). South shore of 
Clode Sound. Hammer approximately 30 em in 
length. 
Plate XLI: Photomicrograph of botryoidal texture of 
hematite and calcite in amygdule (basalt of 
Unit 6a). This texture apparently related 
to Liesegang banding; p.p.1., x12.5. 
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.P late XLII: Flow folding in flow banded pantellerite 
(6b). South shore of Clode Sound. Pencil 
approximately 15 em in length. 
P late XLIII: Autobrecciated pantellerite (6b). South 
shore of Clode Sound. Pen approxim~tely 
15 em in length. 
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devitrification duri ng cooling (Malpas, 1971). Curtis (1954) 
interpreted such autotrecciation in terms of the escape of 
small amounts of vo1at i les from the f l ow and the resulting 
marked increase in viscosity . 
Most of the above-described character~stics, with the 
possible exception of the autobrecciation, could be 
interpreted in terms of rheoignimbrites (eg. Lock, 1972) 
or primary laminar viscous flowage structures described 
from dominantly alkalic or peralkalic ash flows ( eg. Schminc.ke 
.. 
and Swanson, 1967; Schrnincke, 1974). These particular silicic 
flows lack most features typical of ash flows (i.e. vitroc l ast i'c 
u r eutaxitic texture e~c.) and are quite homoge neous. However 
such a characteristic is not necessarily a conclusive evidence 
against an ash flow origin. Schmincke (1974) states "Volat iles 
released during devitrification may form gas vesicles or 
rniarolitic cavities in the densely welded tock, tending to 
obliterate pyroclastic or eutaxitic texture and structure. 
Indeed, densely ~elded, and particularly coarsely crystall i zed 
) 
peralkaline welded tuff s may resemble lava flows much more 
than calcalkaline ash-flow tuffs 6f comparable thickness". 
It should be noted that some of these rocks show a peculiar 
"spherulitic" groundmass texture consisting of rounded quartz-
feldspar aggregates surrounded by dark rims of hematite or 
light green chlorite. Schmincke (1974) descri bed similar 
r 
textures from ash flows on Gran Canaria involving quartz, 
feldspar and aegirine or alkali amphibole. Hence, the mode 
of eruption and emplacement of many of these pantellerites 
J 
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may have included b6t h lav8. fl ow and ash-fl ow mechan isms. 
A clearly recognizabl e red ignimbrit e approximately 7 me~ere 
thick occurs vt Old House Cove, i n tercalated with basalts. It 
shows a pronounced eu t ax~tic texture with flattened 
' :'!!~>. ,, 
devitri.fied light pink pumice lapill i up to 15 em long and. ~;t..:~· 
smaller angular lithic fragments. The unit appears to be ' 
strongly welded throughout most of its thickness. This is 
atypical of calcalkaline rhyolite (Smith, 1960; Smith and , 
Bailey, 1966) but has been described from ra t her thin 
pantelleritic ash-flows from a number of localities (eg. 
Gibson, 1970; Schminc ke, 1974). 
If some of these rocks are of an ash-f low origin, the 
value of whole-rock chemical analyses of these volcanic rocks 
should be considered. Arguments put forward in sec. ).).1.3 
suggest that the composition of calcalkal ine ash flows are 
not representative of their parent magma. 
Although eruptions of peralkaline ash flows have n ot 
been observed and described, Schmincke and Swanson (1967) 
and Schmincke ( 1974) use volcanological;· mineralog ic and 
chemical data to draw distinctions between peralkal i ne and 
calcalkaline ash-flows. They demonstrate the peralkaline 
varieties to have consistently much smaller individua l 
volume and infer them to be of significantly higher 
temperature and lower viscosity than their calcalka l i n e 
equivalents. Hence, the mode of eruption i s thought to be 
significantly d ifferent from that of calcalkaline ash-flows . 
Schminckz (1974) states that calcalkaline a sh- flows are 
J 
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believed to travel as dilute - phase fluidized beds while 
peralkaline ash ~lows may be less inflated and closer to 
dense-phase fluidized beds. Therefore , these~uffs may not 
be as susceptible to mechanic~l differentiation of the 
• 
various size fractions of particulate matter d~ring. 
enplacement as their calcalkaline counterparts. In. that 
regard, the compositions of the peralkaline tuffs may be 
relatively close geochemical approximations to their parent 
magma. 
Mafic dykes which intrude the Clode Sound Formation 
and the Connecting Point Group are similar to the basalts o~ 
. Unit 6a. They are green t o grey, n on-vesicular and fine to 
medium grained (up to ) mrn) with chilled margins and diabasic 
texture. These dykes are up to 3 meters thick, steeply 
dipping and of variable orientation. No mafic dykes were 
seen to cut pante l lerites of Unit 6b which appear to be~ the 
uppermost portion of the volcanic pile; hence most of these 
dykes are thought to be feeders for basal t s of Unit 6a. Their 
petrography is described Yil th the volcanic rocks. 
J.s.J.) Petrography (6a and 6b) 
Groundmass textures of the basalts are dominantly 
intergranular to intersertal (0.1 - 0.6 mm). Grain size is 
locally up to 2 mm and ophitic textur€ is rarely developed • 
• 
Intergranular augite is commonly the least altered phase. It 
also occurs,in places as eUhedral phenocrys ts or in 
glomeroporphyritic cluste~s up to 2 .• 5 mm across (Plate XLIV). 
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Olivine is comple t ely altered ( hema ·ti te, serpentine, 
iddingsi te); it occurs either as an intergranular phase or 
as subhedral phenocrysts (Plate XLV). Plagioclase is commonly 
extensively seric i tized or replaced by carbonate a n d locally 
chlorite. It generally has ragged margins suggestive of 
overgrowths and/or replacement (albi ti_zation?). It is not 
common as a phenocryst phase. Accessory K-feldspar occurs 
in some basalts as an intergranular phase or as minor 
inclusions in plagioclase laths. However, in some flows it 
makes up to 5% and is conGentrated around amygdules, 
suggesting at ·least local potash metasomatism. Hematite 
general'\y occurs as anhedral grains of a secondary origin, 
produced by oxidation, upon extrusion, of the pri~ary mafic 
phases and/or interstitial glasses. 
Secondary alteration products make up to 35% of some 
samples and are. developed both in the groundmass and in 
amygdules. However, mineral assemblages diagnostic of a 
,. 
particular metamorphic grade were not recognized, aside from 
prehni te in a hernati te -quartz vein along a brook northeast 
of the Blue Hills. Chlorite and calcite a:r;e ·most common, and 
various zoning patterns of amygdules indicate the crystalliza-
tion sequence chlorite, epidote, calcite (Plate XLVI). 
Hem3.tite and calcite appear to have crystallized simultaneously. 
Quartz is of only minor local occurrence in vesicles and the 
groundmass. 
The apparently very low grade of met amorphism f!\ay be 
attributed to bu,al effects produced .through a n elevated 
temperature and active groundwater circulation as described 
· J 
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by \'Jood et.al. (19?6) from Iceland. 
The diabase dykes are generally similar petrographically 
to the basalts. They consist of fine-to medium-grained 
intergranular-diabasic intergrow·ths of fresh to altered 
plagioclase (An50 ) and augite. There is minor deuteric 
alteration of augite and opaque oxides to minor, partially 
chlori tized, brown biotite. 
The pantelleri tes are aphanitic ( 0. 05-0.2 mm), appear 
to have been originally glassy, and are composed 
predominantly of felsitic (in the sense of Hatch et.al. 1972) 
to lesser spheruli tic intergrowths (Plates XLVII and XLVIII) 
of plagioclase, K- feldspar and quartz, Apli tic texture is 
locally developed. The anhedral intergrowths which comprise 
the felsi tic ground mass have a concentric aspect, in their 
·~" 
outer portions, defined by hematite. In some flows, they 
have overgrown a fine banding and are commonly outlined by 
interstitial hematite. Several flows contain abundant 
crystallites, commonly aligned and altered; trachytic texture 
is developed in some flow bands which are commonly defined 
by textural conttasts in adjacent bands. 
Hematite is ubiquitous in these rocks and has a number 
of habits. It makes up to 15" of some samples but is as low 
•If; . 
as 2-~· in others. ·lt occurs as . thin bands, as spindle shapes, 
or most commonly as anhedral interstitial disseminated grains. 
Rare skeletal opaque microphenocrysts up to 0,6 mm in length 
are present in some rocks. Brecciated pantelleri te ( Loc. 100) 
adjacent to the Charlottetown Fault is cemented by up to 
( 
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Plate XLIV: Photomicrograph of porphyritic basalt (6a) 
with subhedral saussuritized plagioclase and 
unaltered augite phenocrysts (Sample 845); 
x-nicols, x12.5. 
Plate XLV: Photomicrograph of olivine basalt (6a). 
Altered olivine occurs as phenocrysts and 
as an intergranular phase with. hematite. The 
plagioclase is saussuritized; p.p.l., x12.5. 
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' Plate XLVI: Photomicrograph of zoned amygdule in basalt 
(6a). Chlorite intervenes between epidote 
at the margin and calcite at the core; 
x-nicols, x12.5. 
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·Plate XLVII: Photomicro~raph of thin primary (flow?) 
banding in pantellerite (6b); p.p.l., x12.5. 
Plate XLVIII: Same as Plate XLVII; x-nicols. Note spherulitic 
(or felsitic) texture which has been 
superimposed on the thin banding shown above; 
x12.5. -
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Plate XLIX: Photomicrograph of chequer-board texture in 
albite phenocryst in pantellerite (6b); 
x-nicols, x.50. 
Plate L: Photomicrograph of vitroclastic texture in 
welded ash flow tuff (6b); x-nicols, x12.5. 
•' 
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20- JO% hematite. 
Potassium feldspar in, the groundmass varies from less 
than 25~ up to approximately '70%; where abundant it is 
concentrated as bladed or platy crystals in spherulitic or 
spherulitic'-like intergrowths .. Plagioc~ase (untwinned) is 
not abundant; chemical data indicate some of the pantellerites 
to cont~in little or no plagioclase. These rocks are aphyric 
to sparsely porphyritic. Aside from minor resorbed quartz 
phenocrysts in some ~hyolite dykes, secondary albite is the 
only phenocryst phase. It typically shows diffuse albite 
twinning, simple Carlsbad twinning or a "chequer board"'-
like texture (Plate XLIX) suggestive of replacement of 
K-feldspar (Battey, 1955; Hughes and Malpas, 1971). It is 
replaced by carbonate and/or lesset sericite. Some accessory 
pyrite is present locally. 
The ·one clearly recognizable ash-flow tuff is welded 
and fiamme have pectinate borders (Briggs, 1976a) and siliceous 
anhedrally recrysta.llized or spheruli tic interiors. The tuf:f 
is coiJiposed largely of quartz and lesser. sadie plagioclase. 
I 
The iotash feldspar (less than 5~) is concentrated in the 
ft'a e. Flattened shards are outlined by a fine hemat i te 
du t and they have characteristic axiolitic (pectinate) 
d i trification (Plate L). Crystals or crystal fragments are 
rare. 
The secondary minerals of these rocks include minor 
light green to bright green-yellow chlorite, carbonate 
(calcite+ siderite), sericite and very minor epidote. 
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However, chlorite makes up ~20% and carbonate approximately 
5% of one d,ark grey ~orphyritic pantellerite (Loc. 119). 
Carbonate (in part siderite) comprises up to 5% of other 
flows, occurring as irregular patches and as a replacement 
r-~ of phenocrysts. Abundant sericite and thin irregular quartz 
~\ ' 
\~eins occur in fault-bre~jiated pantellerite at Bunyan's 
Cove. As stated earlier, ;the classification of this rock is 
ba on chemical composition alone; -typical alkaline 
minerals of pantellerites are lacking. 
J.5.J.4 Geology (6c) 
Most sedimentary rocks within the Clade Sound Formation 
are included in this member. These rocks probably represent 
localized sedimentary deposition within the volcanic terrain. 
Along the coast, a maximum of 200. meters of siltstone and 
sandstone occurs ·within the basaltic sequence. These are red 
tQ green and are intruded by numerous mafic dykes. South of 
Ciode Sound, light-grey wel~-laminated siltstones and 
sandstones with intraformational conglomerates are overlain 
by massive non- bedded red s~dstone, pebbly sandstone and 
conglomerate. This section probably represents the filling in 
of a local {lacustrine?) basin of deposition. 
3.5.3.5 Geology (6d) 
This includes two minor steep-sided medium-gra i ned 
(2 - 3 mm) diorite to gabbroic stocks (<100 meters in diameter ) 
intruded by d iabase. They are probably genetically re lated to 
the volcanic rocks. 
, 
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).5.4 Charlottetown Formation (7) 
J.s.4.1 General Statement 
Rocks of this formation werB mapped along Clode Sound 
and along t})e Bunyan's Cove road. The well-exposed red 
sedimentary and minor volcanic rocks on the south shore 
are openly folded and no appreciable section is exposed. 
However, a minimum thickness of 7JOmeters (using assumed 
average dip of 150) has been obtained for the poorly-exposed 
partial section on the north shore. Jenness (196)) referred 
/ ..... tl 
these rpcks, ~6 hti~tindifferentiated middle formation( s) 
within the Musgravetown Group. They appear to overlie 
conformably the Cl ade Sound Formation and are fau~ted in the 
west against schists of the White Point Formation. 
).5.4.2 Geology 
Near the base of the section lie red, laminated, fine 
to medium grained sandstone and siltstone, int~rbedded with 
pebbly sandstone containing abundant clasts of red diltstone. 
Above these are grey, massive to thinly bedded sil tstone, 
sandstone and pebble conglomerate. The hig·hest preserved 
portions of the section at Charlottetown include red, massive 
to medium bedded pebble conglomerate and cross-bedded coarse 
grained sandstone. Individual conglomerate beds are of variable 
thickness. Red to dark grey, fine·ly lamina ted, locally 
slumped siltstones are interbedded with conglomerate and 
sandstone. 
These rocks are generally poorly sorted, and the cla st 
.. 
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population includes g~een to ~ed sandstone, siltstone, red 
to grey chert, red rhyolite, altered crystal tuff, minor 
oxidized basalt, quartz and feldspar, ·and epidote . Schistose 
detritus similar to that in the Cannings Cove Formation occurs 
at several places o~ the north shore and comprises 1-2% of 
some outcrops at the northeas~ end of the Charlottetown 
peninsula. 
Sedimentary rocks with minor included flows of basalt 
and pantellerite are f~actured adjacent to the Charlottetown 
Fault in Bunyan's Cove. They are brecciated in ~ones up to 
~ 
30 em wide paral l el to bedding. Zones o~ fine networks of · 
quartz veins are common and dark green chlorite or iron oxide 
is developed on joint surfaces. 
Locally a cleavage is poo~ly developed, and mino~ 
aligned. se~icite occurs along the margins of some clasts 
in the sedimenta~y rocks. 
3.5.5 Contact Relationships and Correlations 
The Musg~aveto~n Group is faulted on the west against 
schists of the Love Cove Group and in the east i s faulted or 
unconformable upon the connectinry Point G~oup. The western 
Cambro- Ordovician basin (Jenness, 1963) has been interpreted 
by Jenness to ove~lie the Musgravetown Group. Ho~ever, there 
is little or no outcrop in the area of the assumed contact. 
These rocks occur in the central belt of the Musgravetown 
Group (Jenness, 1963). To the north, the peralkaline Traytown 
' 
J 
- :_ J9 -
Grani t e has intruded this beit; it has been dated 
~radiometrical ly as Carboniferous (D. F. Strong, pers. comm., 
1977). Dal ~e l lo ( 1977) mapped rocks of this same belt to the 
north and the vo l canic r ocks there appear chemically similar 
to those in the present map area. The silicic lavas of this 
area are distinct chemically from any Precambrian lavas yet 
studied in the Avalon Zone and appear to show some chemical 
affinities with peralkaline Carboniferous intrusions and 
v.o lcaniC' rocks desc'r ibed from the Burin Peninsula (Strong et. 
al., 1974, 1976, l978a). 
].5.6 Interpretation 
Following discussions on red - bed f-luviati l e systems 
in sec. J.J.J.7, this sequence can be i nterpreted as largely 
subaerial in nat ure and the sedimentary'rocks in terms of a 
fluviatile model. Literature cited in that section indicat~s 
that in a terrestriaf environment only alluvial I?.n or 
gravelly-braided stream systems include the kind of high 
proportions of conglomeratia material comprising t he lower 
two members of the Cannings Cove Formation. Sufficient 
detailed sedimentologic information on various ancient 
alluvial fan sequences and recent alluvial fans and their 
respective facies is now available to allow a meaningful 
comparison with the Cannings Cove Formation ( eg. Miall, . 
1970a, b; Bull, 1972: Boothroyd, 1972, 1976, 1977: St eel, 1974). 
. I 
A number of char~cterist ics of r{he Cannings Cove Formation, 
taken together, appear i ndicative of alluvial fan 
I 
\ 
\ 
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sedimentation. These are: 
1. abundance of clast~supported conglomerates with 
sandy matrices and lesser sandstones 
2. very poor sor.in~ 
J. generally poor rounding 
4. imbrication and alignment of pebbles 
5. local scouring with development of large scale cross-
bedding 
6. only very minor ~hales or siltstone. 
It is well established that in alluvial fans there is a 
decrease in average gr~in size in a ,down-fan direction and 
a concomittant increase in the proportion of sand (Boothroyd, 
1972, 1976, 1977), The apparent high average grain size of the 
Cannings Cove Formation sedimentary rocks suggests that they 
.. 
are comprised largely of proximal to mid-alluvial fan 
sedimentary rocks · (Boothroyd; 1977). Further work is needed 
to refine this interpretation. These data further illustrate 
the probably local derivation of the detritus in these 
sedimentary rocks. 
Limited information on the Charlottetown Formation 
suggests that it also was .laid down in a fluvial system. 
Sedimentary rocks of the Cannings Cove Formation were 
probably shed off fault scarps. The 495 meter thickness of 
conglomeratic deposits and basaltic flows suggests that such 
faults wo~ld have been active during the sedimentation, 
probably with the development of significant relief. They 
may possibly be represented, in part, by faults now 
J 
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juxtaposing the Il.usgravetovm Group and the Connecting Point 
and Love Cove Groups. The abundance of relatively fresh 
volcanic detri t us and the intercalated vol canic rocks 
indicates active volcanism dur i ng sedime~tation and 
faulting (?). 
The development and nature of th i s sequence clearly 
resembles that of the Southwest River Formation. This 
comparison is further strengthened by the marked bimodality 
of the volcanic rocks of the Clode Sound Formation. Such 
bimodal magmatism is wiaely thought to be diagnostic of rift 
or extensional tectonics and commonly horst-·and-graben 
development (see sec. J,J,J.?). Such an interpretation i s 
supported by the peralkaline nature of the associated s ilic ic 
flows. The occurrence of voluminous peralkaline lavas 1s 
most commonly associated with areas tS,f epeirogenic uplift 
and rift formati on on the cant inents (MacDonald, 1974); 
their occurrence has been used in areas of calcalkaline 
volcanicity or compressional tectonics as evidence for the 
onset of an extensional tectonic regim~ (MacDonald, 1974; 
Smith, 1976; Smith et.al., 1977). 
The reasons for the distinction between the Southwest 
River Formation and the Musgravetown Group include: 
1. chemical differences between the silicic rocks of eit her 
sequence and 2. the occurrence of abundant deformed 
detritus if\ the Cannings Cove Formation conglomerates. These 
points will be discussed in later sec t ions . 
.. 
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3.6 I~TRUSIVE ROCKS 
3.6.1 Dykes 
3.6. 1 .1 General Statement 
Dy kes in the Love Cove Group are oriented into at least 
two distinct swarms . T~e most wi despread and ab undant d ykes 
trend north-so u\h and consist o f g reen to g rey , fine-to 
m~dium-grained diabase and diorite. These are concentrated 
in the White Point Formation ( la) and·Unit 2a of the Thorburn 
Lake Formation (Plate XVII). The other set of dykes has a 
west-northwest to west-southwes t trend. It is largely con-
fined to the Southwes t River Format i on but mafic dykes of 
this orientation occur locally i n the Blandfords Ridge area 
in U~ ~t la. These d ykes are t~xturally variable and i nclude 
both mafic 'nd silic i c com~ositions. The relation between 
the two sE!ts of dykes. (N-S versus £-W) is unknown. The 
pattern of. dy.kes shown in .Fi g . 1 does not illuatrate a bun-
dance but merely indicates distribution a nd orientation. 
3.6.1.2 Geology and Petrography 
N-S dyke swarm: The north-south dyke swarm within tne 
White Point Formati o n is about 2 . 5 km wide and on the north 
shore of Clode Sound extends from the east side of White Point 
to the Yudle Cove Pen i nsula. It retains this width both to 
the north and to the south of Clode Sound. The dykes a re in-
variably steeply dipping, in general con f orm to the orientat i on 
0 of the fabr i c and rare ly vary more than 30 in strike f orm t r ue 
north. A few o f t hese ,dykes post-date the steep reg i ona l 
1 
l4J 
foljat ion. However most dykes display the fabric, although 
relatively poorly. They occur t hr oughout the volcanic 
~equence, and locally cut the northern portions o:f the 
Georges Pond granite. Along the coast, rare granite dykes 
have been i~truded by diabase. 
These dykes range from less than 1 meter to 50 meters 
in thickness and locally they constitute 25% of the sect i on. 
Minor apophyses or offshoots are conunon and many of the dykes 
bifurcate, surrounding elongate ~a:fts.of the host ro~k. Such 
features are: indicative of permissive emplacement. The .dykes 
are relatively massive and show rectangular jo i nting; some 
are cleaved or schistose in narrow zones. Significantly 
perhaps, none of these dykes appear to have been folded o r 
affected by boudinage. The apparent lack of folding may 
indicate that the dykes have undergone only minimal tectonic 
rotation and had originally steep dips. The lack o:f boudinage 
may merely indicate the relative competenc·e of these rocks. 
However, dykes which have intruded the Georges Pon? granite 
have a penetrative fabric parallel to the margins. while the 
adjacent ~rani te is massive. Similar relations have been 
described from the Swift Current granite (O'Driscoll, 197J). 
Semi-concordant to concordant diabase sills occur locally 
in Unit 2a and diabase dykes also intrude meta-volcanic 
rocks o:f Unit 2c and a sma ll granite plug intruding that unit. 
The dykes are green to grey, medium grained ( 0. 3 to 1 mm), 
and have a brown weathered surface. Some are aphyric, others 
contain pl~gioclase phenocr)Jsts which average J mm but may 
J 
., 
( 
- 144 -
reach 1 em in length. Locally · they have chi lled margins 
exceptionally up to 6 em thick; amygdules up to 1 em across, 
containing epidote and quartz, occur ad j acent to the chilled 
margins. In the Blue Hills and Blandfords Ri dge, these dykes 
contain much less veins of epidote and quartz than host rocks 
of simi l ar composition. Pyrite is a common accessory. 
· Textu~es. are dominantly'diabasic, or ophitic to sub-
ophit ic m dykes of the Blandfords Ridge area. The primary 
'text ure j,s commonly o bscured by secondary minerals including 
ragged colOI.lliess to light green actinolitic (?) amphiboles. 
The presen t minera l assemblage consists of varying proportions 
of s odic plagioclase, actinolite, relics of primary amphibole, 
<1% to 10% opaque minerals, epidote, chlorite, sericite, 
~ 
minor calcite, locally very minor biotite, potassium feldspar 
and accessory sphene and apatite. Very minor interstitial 
quartz occurs locally but may form up to 5-10% of intermed i ate 
dykes. 
Plagioc lase is a,lbitized and partially replaced by 
sericite and epidote. Some plagioclase phenocrysts contain 
sparse small inclusions of potass.ium feldspar. 
Actinolite (?) appears to have largely replaced a brown 
to brownish-green amphibole, minor relics of wh i ch are 
preserved. The actinolite 'in rocks of Blandford's Ridge has 
much deeper pleochroic colours (i.e. medium blu.e green _. green 
+ straw yellow) than in dykes along the coast. Very minor 
brown or green b i otite has overgrown the actinolite in both 
mafic and si~icic rocks. All amphiboles and biotite show at 
least incipient chloritizati on. Skeletal opaque grains are 
I 
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c ammon; in some dykes they are altered to a hydrous iron 
oxide. One dyke in Unit 2a contains up to 10% K-feldspar 
both as interstitial grains and as inclusions in a ltered 
plagioc lase phenocrysts. 
WNW - WSW dyke swarm:. All of the dykes in the WNW to 
~·JSW swarm may be genetically related. However, as a group 
they are-texturally and compositionally distinct from the 
dykes above. 
here: 
Essentially, three distinct kinds of dykes are included 
1. largely aphyric or sparsely porphyritic diabase 
2. mafic dykes with abundant coarse plagioclase 
phenocrysts 
J. felsic and compositionally mixed dykes 
1. The diabase dykes are dark grey and aphanitic to 
fine grained; they a~~ up to 4 meters thick with chilled 
margins up to 2 em wide. They intrude rocks of the Southwest 
River Formation on Watershoot Steady brook, Southwest River 
and Middle Brook. These dykes have up to 5% white relatively 
fresh plagioclase phenocrysts up to 1 em long. The 
intergranular diabasic textures include feldspar laths 
ranging in seriate fashion up to microphenocrysts 2 mm long. 
Intergranular opaque minerals, abundant calcite, minor 
chlorite and _accessory brown biotite complete the mineral 
assemblage. The biot'i te appears deuteric and occurs as halos 
around opaque grains. Small spherical vesicles are filled 
with chlorite. 
2. Dark grey mafic dykes with large f eldspar phenocrysts 
' -
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occur adjaeent to the TCH bridEe on Southwest River and along 
the shore of Northwest Arm. They have ch i lled margins and 
contain up to }0% phenocrysts of white calcic andesine to 
labradorite, which range in seriate fashion up to 4 em and 
in places up to 10 em in length. These phenocrysts show a flow 
alignment parallel to the margins of the dykes. The groundmass 
consists of an intergranular intergrowth of 70% unaltered 
normally- zoned plagioclase, 5-10% anhedral opaque oxides, 
and 10-15% reddish brown slig·htly pleochroic augite. The 
augite is locally sub-o_phi tic but also occurs as acicular 
crystals intergrown with plMioc lase of similar form. The 
phenocrysts exhibit normal to oscillatory zoning. Ten to 
fifteen per cent of the rock is formed by chlorite and 
calcite occurring largely in amygdules up to 2.·5 mm across. 
J. Pink fine-grained .i'elsic dykes cut Unit )a. They 
crop out on the TCH northwest of Thorburn La.ke ( Loc. 605) 
and on Southwest River. These dykes have steep dips and 
are up to 10 meters thick. On the TCH calcite with accessory 
fluorite occurs in an irregular network of veins in the host 
rocks. The dykes have an equigranular textur~ (<O,J rom), 
and consist of 45% quartz, 35% partially saussuritized or 
epidotized sadie plagioclase, 20% potassium feldspar, and in 
one dyke several per cent .partially chlori tized green to 
brown biotite. Accessory minerals are sericite and calcite. 
·rhe cores o-r some plagioclase grains have been replaced by 
K- feldspar and quartz qnd fine myrmekitic intergrowths are 
common. The dyke on Southwest River contains n~merous 
J 
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'Plate LI : Rounded mafic inclusions in felsite dyke 
which cuts rocks of Unit Ja. 
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irregularly shaped, green, fine grained (<0.2 mm) mafic 
inclusions up to 15 em long (Plate LI). These inclusions 
are amygdaloidal, contain sparse plagioclase phenocrysts 
less than 2 mm l.ong and have very thin chilled margins. The 
best examples of such associations between acid and basic 
rocks occur in regions of bimodal magmatism and are 'thought 
to result from the mixing of two liquids of contrasted 
composition (eg. Blake et.al., 1965: Walker and Skelhorn, 
1966). 
A texturally unique dyke approximately 8 meters thick, 
striking east-west, crops out at the west· end of the causeway 
in Port Blandford. Its northern margin is composed of fine-
grained diabase. The fine-grained equigranular matrix consists 
of 45-50% altered plagioclase, 25% K-feldspar, 25% interstitial 
quartz and minor altered biotite microphenocrysts. It also 
. contains quartz-filled amygdules4 dark grey chlori tic 
mafi9 inclusion . agl e Ld po~ssium feldspar phenocrysts 
to 4.5 em long; they are 
abundant and locally up to 50% of the rock. Both the 
plagioclase and potassium feldspar are zoned; mantles of 
one phase up to 2 mm thick occur around and inclusions up to 
f J mm long occur within phenocrysts of the other. The 
phenocrysts show Carlsbad twinning: their outer portions are 
commonly altered to epidote and sericite. 
3.6.1.3 Age Relationships 
N-S dyke swarm: The dykes predate the steep foliation 
,I 
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in the Love Cov is not known how they relate to 
the numerous diabase s in the Connecting Point Group which 
were only briefly examined. The abundance, concentration and 
I 
apparently permissive style of emplacement of th~se dykes 
suggest a significant amount of crustal dilation. It is 
difficult to distinguish these dykes chemically from any of 
the volcanic rocks in the map area. 
The volcanic suites and nature of sedimentation in the 
Southwest River Formation (Unit 3) and the Musgravetown Group 
are indicative of crustal doming, resultant extension, and 
horst-and-graben development. The large volume of dykes in 
portions of the Love Cove Group suggests a~ least locally 
significant crustal dilation. Therefore, the bulk of the 
dyke swarms possibly post-dates volcanism associated with 
the construction of the White Point Formation volcanic pile, 
and may be indicative of its disruption and possibly an alter-
ation in t~ regional tectonic pattern. 
WNW - WSW dyke swarm: Alkalic dykes which are mineral-
ogically and texturally identical to the dykes with large 
plagioclase phenocrysts described above occur in the north-
\ • eastern Gander Zone and are demonstrably Devonian in age 
· (Jayasinghe, 1978). They clearly post-date a steep foliation 
which has been correlated with the steep fabric in the Love 
Cove Group (Blackwood, 1976; Blackwood and Kennedy, 1976). 
Their re~ationship to the regional fabric in the present map 
area is not clear, but by inference the dykes in quest-ion ar.e 
also post-tectonic and possibly of Devonian age. Whetper other 
i dykes in this swarm should be correlated ln similar fashion is 
. . 
not clear. The felsic and mixed dykes could be related to 
Unit 3b. 
' 
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).6.2 Georges Pmtd Pluton ( 8 ) 
).6.2.1 General Statement 
The Georges Pond pluton is a massive to foliated, 
elongate, dominant l y grarti toid body ·which has not been 
previously reported. It underlies approximately 24 km2 in 
the map area and extends southward into the Tug Pond map 
sheet. It is directly on strike, and could be contiguous, with 
the northernmost lobe of the Swift Current granite (Jenness, 
196); O'Driscoll, 19?J). This body was i~trude~ into the 
White Point Formation and has been de f ormed together with 
it. Roc ks typical of the pluton crop out on the north shore 
of Georges Pond and are well exposed in the baTren reaches 
of Blandford's Ridg~ and the Blue 'Hills. In areas of low 
relief the granite appears as huge frost-heaved boulders. 
This pluton bas been given a tentative "Cambrian or! 
earlie~" age in Fig. 1. This is based on a Rb/Sr date 
500! 30 Ma (Bell et.al., 1977) for the probably correlative 
Swift Current granite to the south. 
A number of small stocks o:f diverse composition have 
been grouped in Unit 8a. These may or may not be genetically 
related to each other or to the Georges Pond pluton. 'They are 
commonly _altered and intrude Units )a, 2a, and 2c. 
;.6.2.2 Gaology (8) 
In the follow ing description, the rock classificat i on 
-used is tha~ proposed by Streckiesen (1967). 
This intrusion varies from granite t ·o gabbro in 
i 
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composition. The dominant phase is biotit~ granite, followed 
by granodiorite, diorite, quartz diorite, monzonite, 
granophyre, gabbro, and minor diabase. Aside from xenoliths 
and dykes no sharp contacts were seen between the various 
compositional phases of the pluton. Gradational compositional 
boundaries exist between such phases as granite-granodiorite 
and diorite. There does not appear to be any regular pattern 
of distribution of the various phases of this intrusi9n; only 
the granophyre appears to be largely conf:ined to tl'\,e east-
central portions of the pluton due east of the Radio Tower. 
Gabbro, which h~s a strong geomagnetic expression, is 
concentrated south of Georges Pond; it is also probably 
responsible for a similar geophysical hi,gh which: covers the 
central p9rtions of Georges Pond. 
These rocks are dominantly medium-grained (1-3 mm). 
Relatively fresh biotite-olivine gabbro and diorite underlie 
a high hill (Loc. 629) south of George~ Pond. The proportion 
of mafic minerals varies somewhat throughout th~ outcrop. 
At that locality, a minor intrusion breccia contained in the 
gabbro consists of mafic fragments up to 40 em across in a 
leucocratic matrix. Granite dykes cut the outcrop. Qiorite 
or quartz monzodiorite_ occurs at the north end of Louse Lake 
(a small NNW-trending lake between Blandford's Ridge and the 
Blue Hills). The diorites consist dominantly of amphibole 
or actinolitized pyroxene and altered plagioclase. P i nk 
granite usually carries up to 5" green or brown biotite and is 
locally porphyritic with mic r ocline phenocrysts 5-10 mm 
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across. Hornblende is a minor accessory, wh i ch is more 
abundant in the granodiorites and diorites. The gra nophyre 
is pink with white euhedral to subhedral plag i oclase 
phenocrysts up t~4 mm long. 
In the northeast portion of the pluton, there are a 
few thin very irregular pods of pegmatite and quartz veins 
(some of them joint controlled) and local epidote alteration. 
Granite dykes or veins cut various _phases of the pluton 
and its host rocks, includ ing quartz-epidote veinlets in 
White Point Formation volcanic rocks. Straight, pink, rine 
grained aplitic dykes which intrude all other phases of :the 
pluton are up to 15 ern thick; on Blandford's Ridge, they 
trend east-west. 
Xenoliths occur in all except the most mafic phases of 
the intrusion. They tend to be more mafic than their host 
and are rare in the granite but more abundant in the 
granodiorite. The granites commonly contain biotite-rich 
clots. In places the xenoliths are up to 30 em across and 
may have rather indistinct margins indicative of at least 
incipient assimilation. They are generally grey-green, fine 
grained, mafic to intermediate in composition and locally 
comprise up to 5~ of some outcrops. 
Diabase, porphyritic diorite and hornblende gabbro dykes 
up to 10 meters thick .; lo~ally cut the granite. Grey rhyolite 
occurs within the intrusion out its relation to the granite 
\ 
is uncertain. 
The contact of the ~luton with host rocks was n ot seen. 
J 
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How.ever volcanic rocks adjacent · to the granite have been· 
thoroughly recrystal l ized and the resulting horn fels has 
been overprinted by the steep regional foliat i on. On 
Bland ford • s Ri dge, f ine-grained mafic to intermediate 
fragments occur in a fine-graine? pink aplit ic matrix. 
The intrusive rocks range from massive to cleaved with 
an alignment of chloritized mafic minerals or they are 
locally schistose. ahd aerie i tized in zon" up to 2 meters 
wide. Rectangular jointing is common, and may grade into 
close-spaced jointing wi th cleavage development. A foliation 
is most consistentl y developed in the eastern por tion of the 
pluton. Quartz gra i ns are partr;lly granulated or locally 
stretched out into elorigate wispy shapes. 
).6.2.) Petrography (8) 
Granite is the most abundant rock type in this pluton. 
It has the following ~nges in mineral content: 40-60% 
quartz, 15:-25" microcline, )0-)5" altere.d plag i oclase, up to 
5% green to brown biotite, and accessory green hornblende, 
opaque· mi nerals, sphen~ and apatite. Plagioclase is commonly 
the coarsest mineral phase, showing complex or simple twinning 
in anhedral to subhedr al grains up to 4 mm long. These are 
set in a finer matrix of quartz and microcline, which may 
occur as a granophyric intergrowth. The plagioclase generally 
has altered cores (sericitized or epidoti7.ed) with fresh rims. 
Anhedral microciine fhenocrysts are slig~tly perthitic and 
up to 1 em long. They appear to h~ve grown across primary 
( 
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grain boundaries and i nclude subhedral plagioclase grains. 
Fresh or chloritize~ biotite occurs as grains up to 2 mrn 
long or as fine aggregates al ong grain boundaries or in 
inclusions. Sphene is typically anhedral or may occur in 
irregular intergrowths with quartz. Apat i te needles are 
concentrated in b iotite and the hornblende is anhedral 
and pleochroic (green to straw yellow). Granodiorite is 
gradational with t he granite and contains at least 50% 
quartz, approximately 40% ser i citized plag ioclase, 5-1~ 
mic~ocline and granophyr i c i n tergrdwths, and . minor fine-
grained green biotite. 
Quartz monozodiorite in the northern portion of the 
pluton is composed of 70-7 5% partially sericitized plagioclase, 
10-1 5% potassium feldspar, 10% quartz, 5% green-yellow 
biotite, minor epid ote, opaque minerals and accessory apatit~. 
The quartz and .potassium feldspar are i nters t itial ·between 
larger anhedral plagioclase grains which contain abundant 
tiny inclusions o f po t assium feldspar. 
The diorites have a typical xenomorph ic -granular texture. 
They are composed of 50-6~ clinopyroxene and amphibole. The 
plagioclase is commonly altered to epidote, sericite and 
chlorite and the augite is extensively replaced around crystal 
margins, along cleavage planes and in irregular intracrystalline 
patches by green-brown hornblende. Both are partly altered to 
~ 
a light green to colo urless actinolite, epidote, and chlorite. 
Opaqu e oxides form small skeletal grains. 
The gabbro occurring south of Georges Pond (Loc. 629) is 
medium grained (~1.5 mm) and composed of 6~ augite, 25~ 
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-~ 
well-twinned fresh labrad orite ( Anc- 5), 5-10% olivine, 5% _) 
brown hornblende with very minor blue green actinolitic 
amphibole, 5% anhedral opaque grains, minor reddish brown 
biotite, and chlorite. The augite is subhedral and shows 
simple twinning. It is partly replaced or rimmed by 
intergranular brown hornblende which also occurs along 
cleavage traces and as irregular intragranular patches. 
The hornblende also forms halos around opaque grains and 
locally olivine grains (Plate LII). Biotite .bears a similar 
relation to the,opaque oxides; locally it i'~ also. rimmed by 
hornblende. The hornblende shows incipient alteration to 
.. • 
an actinolitic amphibole and later min9r chloritization. 
The olivine which ·may include small rounded grains oi 
plagioclase is fresh or altered to opaques, carbonate and 
iddingsite. Both the aug i te and hornblende are altered tot 
bright green amphibole in aplitic intrusion breccias. 
Granophyre ~tccurs both within the Georges 'Pond granite 
and at the east end of Dunphy's Pond where it for~s fine to 
, 
medium grained, steeply dipping granophyric sheets or dykes 
(?) up to 14 meters thick. These are probably related to 
the Georges Pond granite and comprise up to 20-J~ of the . 
section of the White Point Formation in that area. The 
granophyres contain up to 15-2~ euhedral to subhedral 
' 
' sericitic plagioclase or rounded microcline phenocrysts up 
to 2 mm across in a largely granophyric groundmass (Plate 
LIII). Quartz phenocrysts have been largely resorbed. There 
is dark brown and bright green-yellow biotite, accessory 
anhedral opaque oxides, sphene, epidote, apatite, 
J 
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.Plate LII: Photomicrograph of olivine gabbro (sample 
629C)c Note halo of hornblende around olivine 
grain; p.p.l., x12.5. 
Plate LIII : Photomicrograph of granophyre from the 
Georges Pond pluton; x-nicols, x50. 
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Aplites in the Georges Pond granite .are composed of 50% 
quartz, 30% in part perthitic microcline, 15% sericitized 
albite, -5% bright green-yellow biotite, accessory sphene, 
· epidote, (.d opaque min~ral~. ' 
3. 6. 2. 4 Geology and Petrography ( Ba) 
~ .. 
Three separate intrusions are included under this heading. 
An altered pink, medium-graineq ·(up to 4 nun) syenitic stock 
occurs in a small steep-sided fault block at the west end of 
The Narrows. It is composed of altered antiperthi tic plagio-
' -clase, eeidote and S~lO% quartz. The stock has intruded mas-
I' 
sive vrc.i:mic rocks of Unit 2.c arui both are severely fractured. 
A ~abbro stock underlies the north s .ide of Middle Point 
. 
and aeromagnetic data indicate that it is much more extensive 
; to the ~o-rth. It has steep contacts and has enclo~d lenses 
of sed+ent~ry. roa"k. 
A ·very . poorly exposed intrusion occurs in the Watershoot •· 
Steadies area. Outcrops range from pervasively altered fine-
to medium-grained gabbro to porphyritic diabase. 
3. 6. 2., 5 Contact and Age Relationships and Co.rrelations 
The contact relationships have been described in previous 
sections. However, the orientation of the contacts of this 
pluton in section cannot be surmised from geologic data. 
Gravity profiles (Weir, 1970) across the southwest contact 
J 
· suggest that it is probably steep and that the granite has 
J 
·' 
, 
-.. 
' · 
r 
- 158 -
a significant extension· at depth (H. 'Miller, pers. comm., 
1978). 
All aspects of the Georges Pond _g;r~~luding field 
relationships, relation t o the Love Cove Group, Tineralogy, 
texture and composition appear similar to those of the Swift 
Current granite to the south. Such a correlation, by inference, 
includes all the other foliated plutons to the south including 
the !/ape Roger Mountain batholith and the Jacques Fontaine 
sill (Bradley, 1962) . and a number of unnamed granite bodies 
in ,the Baine Harbour and Point Enragee map-sheets ( 0 'Brien, 
1978a, 1978b), The Anchor Drogue pluton in the Marystown 
map-area (Taylor, 1977) may also be included here. In this 
group may also be included silicic volcanic and/or sub-
volcanic porphyries in parts of the western belt of the Love 
Cove Group (Jenness, 1963; R. F. Bla'clcwood, pers. comm •• 1978). 
It is clear from the above that an extensive, voluminous, 
suite of foliated granitoid plutons is distributed along 
much of: the western Avalon Zone. These intrusions, without 
exception. are confined to rocks of the Love Cove Group or 
volcanic sequences which are demonstrably correlative and on 
strike with the L6ve Cove Group. 
The age of these granites may be estimated from a number 
of observations: 
• 
l. the 500 + . JO Ma Rb/Sr age determination on the Swift 
Current granite (Bell et.al.; 1977). This date wal accepted 
tentatively for the purposes of Fig. 1. However, the rather 
high M. S.W.O. {mean square of weighted deviates, 12.8) sheds 
do\1bt on the stati stical of the isochron. In view of 
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the general agreement (Jenness, 1963; Younce, 1970) as to the 
late Precambrian depositional age of the Love Cove Group, either 
the interpretation of consanguinity suggested above is unjusti-
fied, or the Lower Paleozoic age of the Swift Current granite 
, 
could be interpreted as the result of Paleozoic (?) isotopic re-
/ 
mobilization. This possibility is in accordance· with Lower 
Paleozoic Rb-Sr age determinations on demonstrably Precambrian 
volcanic rocks elsewhere in the Avalon Zone (e.g. Fairbairn et 
al., 1966). 
2. relations described earlier (sec. 3.3.1.3 arid Hussey, 
197Ba) suggest a genetic link between the volcanic rocks and 
the granites. 
3. these granites are either pre-or syntectonic with~ 
respect to the regional fabric of the Love Cove Group. There-
fore, the age of the fabric places an upper limit on the age 
of the granites. Jenness (1963) inferred a Precambrian age 
_for the folia,ion, a 1 though he thought. the Northern Bight 
granine* to be Devonian in age. Younce (1970) considered the 
principal age of deformation to be Acadian (Devonian). 
. . ~ 
4. early correlations of the Swift Current granite and 
the post-tectonic Ackley batholith (Jenness, 1963)' 'have been 
discounted on the basis of structural, geochemical, .and radio-
~tric age determinations (Bradley, 1962; O'Oriscoll, 1973; 
Strong et al., 1974: Bell and Blenkinsop, 1975: Bell et al., 
1~77; · Hussey, 197Ba). 
In the light of the above, a late Precambrian aqe for the 
Georges Pond g'ranite and its presumed correlatives appears 
probable. 
*renamed swift Gurrent granite by O' Driscoll ( 1973 ) 
l 
. .... . .t::. • . . . 
.f 
l 
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J.6.2.6. Interpretation 
The commonly established sequence in batholiths 
elsewhere (eg. Hamilton and Myers, 1967; Holz, .1971; Kistler 
et.al., 1971; Klepper et. al., 1971) shows that progressively 
younger intrusive phases of the plutons commonly become less 
mafic, and the bulk of these intrusions is composed of 
granodiorite and granite (Streckeisen, 1967). An average 
composition of granite or granodiorite for the Georges Pond 
granite and other similar granites to the south (Jenness, 1963; 
Bradley, 1962; Strong et.al., 1974) is comparable to that of 
the central and eastern Sierra Ne~ada which is underl a i n by 
continental crust (Holz, 1971; Kistler et.al., 1971) as 
opposed to the Mesozoic dominantly_quartz dioritic plutons of 
the Klamath Mountains and western Sierra Nevada which were 
emplaced into relatively mafic crust (Holz, 1971) and 
plutonism of the Carribean island arcs ( eg. Kesler et. al., 
1977). This suggests that the western Avalon Zone, at least, 
is underlain by sialic crust. 
In the granite and granodiorite, plagioclase consi~tently 
appears to have been the initial liquidus phase :followed by 
microc.line and quartz. It .is difficult to interpret the 
relations of the ma:fic mineral phases. Microcline "phenocrysts" 
/-" 
occur locally but are anhedral in detail and appear to have · 
overgrown relatively intact plagioclase grains. Hence, potash 
~ 
feldspar appears to consistently have been a late magmatic 
phase. Also, the granite is subsolvus (Tuttle and Bowen, 
1958) in nature. The local abundance of granophyre (plagioclase 
0 
phyric) is suggestive of ephonal or high level intrusion and 
() 
' . • .. .. ... .. _,_ ....... ~.... .. ..... . . .. . - - ... .. . . 
f. . 
• 
' 
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crystallization (Hughes, 1960, 1971). This supports 
suggestions for a genetic link between this granite and 
the enclosing volcanic rocks. Furthermore, aphanitic quartz 
and feldspar porphyries -are of common occurrence at the 
margins of the Swift Current granite which also contains 
granophyres (Hussey, 197Ba, 197Bb).· Simil~r interpretations 
of granitic plutons and batholiths have been made in more 
recent terrains ( eg, Hamil ton and Myers, 1967; Tabor and 
Crowder, 1969; Lipman et.al., 1978) • 
.. 
( 
- 162 -
CHAPTER 4 
STRUCTURE 
4.1 Introduction 
The map area is characterized by a roughly north-
trending structural grain which is defined by the attitude 
• of both major fold and fault structures. The area can be 
subdivided conveniently into three major belts on the basis 
of · structural style criteria~ 1, the Western belt, 2 . the 
Central fault block, J. the Eastern belt. The three belts 
are in fault contact. The ·Cent"l fault block is boun~ed 
by steeply dipping, north trending faults, which may have a 
significant dip slip displacement component and across 
which there are sharp structural and metamorphic contrasts. 
There appears to be a large variation in the 
orientation of F1 fold structures from the Western belt 
to ·-the Central fault block. The Western belt is dominated 
by a moderately west dipping st~cture defined by a major 
(F1 ) asymmetric syncline with an overturned western limb. 
An associated foliation (S 1) appears to form a convergent 
cleavage fan within that !old. Fold structures in the 
eastern portion of the belt are relatively symmetric with 
steepl! dipping axial surfaces. 
The Central fault block is characterized by a steeply 
dipping to vertical structur~ defined by small scale 
tight to isoclinal ,folds (Fl) and an axial- plane cleavage or 
.... , ... ~ .. ..... . 
) 
) 
' 
- 16) 
schistosity (S1). Bedding is ~ost commonly parallel to S1. 
Bedding/foliation intersections and younging criteria 
indicate the presence of a major syncline (F1 ) in rocks 
of Unit 2b. Later folding and fabric development is of 
only loQal occurrence. 
The Eastern belt is occupied by gently to moderately 
west dipping non-cleaved rocks of the Musgravet own Group 
which unconformably overlie the steeply dipping, tightly 
r -
folded\ (Fl} and cleaved strata of the Connecting Point 
Group • . 
In this chapter, the structural characteristics ( eg. ' 
morphology and .orientation of folds, foliations, lineations 
and faults) are described for each of the three belts 
outlined above (sections 4.2, 4,), 4.4, and 4.5). A 
synthesis of the regional structure o~ the area is given 
in .section 4.6. This includes discussions of the history 
and nature of the deformation in the area. The s·tructure o:f 
the study area is compared with that developed elsewhere in 
the western Avalon Zone. Pigs. 1 and 1.1 present .plan and 
. ' 
section views, respectively, of the geology and structure 
o~ the :field area. 
4.2 Western Belt 
The Western belt occupies the western portion of the 
' field area and is in ·steep fault contact on its eastern 
flank with rocks of the Central fault block. To the west it 
extends beyond the limi ts o:f the study area. It is underlain 
... 
.J 
! .. 
f 
• 
I} • 
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by the western segment of the t'-lhi te Point Formation, the 
.. 
whole of the _ Sorthwest River Formation and Unit 2a (Thorburn 
Lake Formation)\. This belt is divided into two subareas 
.I • 
(X andY) in Fig. 4,1 (D, E, and F) on the basis of fabric-
-:. 
orientation data. 
Folds: tlell ,preserved bedding and abundant younging 
criteria have made it possible to outline several major 
folds which dominate the structure of this zone. The folds 
have maximum wavelengths in the order of 6 km; t~ey plunge 
shallowly to the north and south, and axial planes dip 
moderately west in the western portion of this area and 
steeply east and west to vertically in the east. The main 
structure (F1) is a tight asymmetric syncline comprising . 
most of the Southwest River Formation. Its western limb is 
overturned and here bedding is locally obscured by an 
intense development of an axial plane fo1iation (Sl) at a 
low angle or parallel to bedding (So). There are parasitic 
asymmetric folds with moderately west-dipping axial suri"ac·es 
ranging from mesoscopic up to 750 meters in wavelength 
(see Fig. 1.1) within thi~ structure. In the core region, 
these are tight to isoclinal but they are open to the east 
' (Plate XXV), There is a series of more open folds with 
steep to vertical axial surfaces, to the east of the major 
·. , 
syncline and the . axial trace of an open anticline complementary 
" I 
to the major structure is parallel to and locally co i ncides 
1 
with a lithologic contact between Units )a and 2a. Volcanic 
rocks occupy the core of the anticline in the south. In the 
-( 
-· f"""· ... .... -~~ · • . • ' · - -·--' • ···~ · -~ •• _;. , ,~ ._ .. _·. ' . · ..:,.. r,o.• .. .;~: -;•.· 
. J 
·-~_/ 
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north on Dunphy's Pond, a series of large scali F~ . folds 
with vertical axial surfaces and moderately north-plunging 
axes tighten up eastward toward the outcrop of the White 
Point Formation of the Central fault block. 
On Northwest River open folds (F2) of bedding and s 1 
occur. These folds have steep or vertical axial surfaces 
and horizontal axes. There is no associated fabric 
development (Fig. 1.1; Plate LIV), 
Kink bands are commonly de~eloped in schists of Unit 
r 
la, and locally they are associated with a crenulation 
cleavage. Their relationship to the F2 structJre is unknown. 
Axial plane foliations and lineations' Tije main fabric 
(S1 ) occurs as an axial plane foliation to F1 , folds. Its 
. . 
relation to the folding has been deduced largely from 
bedding/cleavage intersections and younging criteria. The 
s 1 foliation appears to -form a broad convergent fan in the 
major syncline described above (Fig 1.1). It is·commonly 
much shallower than bedding (angle of ob)iqui tr-400) on 
the steep limbs of parasitic folds (Plate XXV). The S1 
fabric is moderately west ··dipping on the west limb in the 
core region of the syncline and steep to vertical on the 
east limb ( see Fig. 4.1) whei'e it forms an angle of up to 
sao with relatively gently dipping bedding. In ~he west 
(as in the Central fault block) in tuffs and lavas of Unit 
la the foliation (Sl) is variable in grain size· from a fine-
grained schistosity to a slaty cleavag·e and from homogeneous 
I 
to anastomosing tn morphology (see sec. 4.): Plates LX, LXI, 
.. 
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·Plate LIV: Open F2 fold of bedding and S1 foliation on 
Northwest River. Note hammer and folder in 
foreground for scale. 
Plate LV : Photomicrograph of cleaved siltstone immediately 
above the basal conglomerate (Ja) on Northwest 
River (see Plate XXIII). Bedding is vertical, 
S1 dips to right and a later crenulation 
cleavagB (S2?) dips to the left; x-nicols, x20. 
• 
• 
- ·"""' 
• 
• 
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and LXII) while siltstone and sandstone of Unit }a contain 
a homogeneous planar slaty cleavage defined by sericite 
(Plate LV). Quartz grain s · show only minor recrystallization, . 
with lobate to serrated grain boundaries. The foliation . 
occurs as ·a homogeneous cleavage in local zon~s to the east 
and in the Dunphy' s Pond area. Locally, clasts in greywackes 
of Unit 2a are severely flattened in the plane of the. 
foliation. However, - in general (in area Y, Fig. 4.1F) S1. is 
not developed or occurs as a spaced fracture .cleavage as in 
sandstone beds of Ur\it Ja (Plate XXIV). 
In the . eastern po~on of the belt, · in Unit 2a, a very 
fine se,icitic foliati'bn parallels the gently-to moderately-
dipping bedding in some mudstone or siltstone beds and is 
at an angle to cross-laminae. This could be a metamorphic 
overprint of the origi nal sediment fabric, Its relation -to 
sl is unknown. 
Locally a crenulation (Sz?) has overprinted s 1 in 
peli1;ic layers of Uni t Ja (Plate LV) and in sericite schist 
ofUnit la. 
In the west, a lineation (Ll) is defined by the 
1 
intersection of bedding an~ S1. It is parallel to F1 . fold 
axes. An Lz crenulation lineation is locally developed and 
1 
is defined in part by the fold axes of kink bands~ No 
stretching or elongation of clasts or any other marker , 
... \. \ was obser ved in associa t i on with either lineation. 
4. J Central Fault Bloc k 
The Central fault block occupies the central porti on 
>. 
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of the field area and is bounded by two steep or vertical 
I 
north-trending faults, It is underlain by the \1/hi te Point \ 
~ormation, the G~orges Pond pluton and the Thorburn Lake 
Formation (2b and 2c). 
Folds: This belt can be described in terms of a simple 
fold system with steep to vertical axial surfaces and steep 
to moderately north and south . plunging ~xes, with the 
exception of areas occupied by massive to locally schistose 
volcan i c rocks and g~anite (i.e. Blue Hills and Blandfords 
Ridge). However, only in the rocks of Unit 2b is it possible 
to define fo~d closures in a given section on the basis of 
younging criteria and bedding/cleavage relationships. In 
the Thorburn Lake area these criteria were used in outlining 
an east-dipping, upright, 1)00 meter-thick section of 
greywackes (see sec. ).).2.4). The common lack of bedding 
and absence of younging criteria in the adjacent White Point 
Formation limits further analysis of the major structure (Fl) 
in this zone, although evidence presented previously 
(•ec. ),),2.4) indicates that the Thorburn Lake Formation 
( 2b) in part overlies the White P_oint Format ion, suggesting 
that Unit 2b occurs in a tight ( F1 ) north-striking sync line. 
Aside from the inferred large-scale fold, the structure 
• 
in this zone is defined mainly by relatively small-scale 
~olds. At least two generations of such folds ·have been 
recognized in this belt. F1 folds are seen t o fold the 
primary compositional layer ing or bedding. The main S 1 
fabr ic , axial planar t o F1 ~olds, has been folded on F2 
I 
_ ) 
J 
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structures. Only the first generation of:!olds ~F1 ) is 
regional development. 
Apparently symmetric isoclinal fold 1) with 
of 
Wavelengths up to 25 meters occur in siltstones of Unit 2b 
and locally in intercalated mafic and silicic tuffs of Unit 
la (Plate XX). Otherwise F1 folds tend to have wav~lengths 
of less than 2 meters and ar~_asymmetric (S and Z style) in 
nature , These mesoscopic folds are most commonly very tight 
to isoclinal. However, there appears to be a lithologic 
. 
control on fold style. Similar folds are the dominant form 
in siltstones (Plate XX) and tuffs although chevron-type 
fo~ds occur in some minor occurrences of banded .chert. Th e 
axes 4 of these f olds trend N-S with only minor deviation 
and plunge gently to steeply to the north and/or south 
· (Fig. 4 .lA), The axial sur£aces defined by s 1 , are steep to 
vertical and bedding is parallel or subparallel to S1 
(Fig. 4. lA) . 
F2 folds have wavelengths less than 1 meter, They are 
of chevron style and fold s 1 (Plate LVI). Their axial 
surfaces and fold axes are similar in attitude to first-
generation structures (Fig. 4.1B) and in some cas'es folds 
of either generation may be confused. S1 is kinked and/or 
chevron-fol ded on a centimeter scale (Plates LVII and LVIII) 
throughout_t h e Central fault block. The relationship of s2 
( a spaced fracture cleavage } to this small scale folding 
is not clear. The kink bands have a wide range of 
orientations and may occur in conj ugate se t s. The !ominant 
J 
Plate LVI: 
·Plate LVII: 
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Tight chevron folding (F2) of s 1 (Central fault block, Unit 1a). South shore of Clade 
Sound. Hammer is 30 em in length. 
F 1 (?) kink bands folding s 1 in sericite schist (la) with development of crenulation cleavage. 
North shore of Clade Sound. Pen is approximately 
14 em in length. 
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·Plate LVIII: Photomicrograph of kink band on S1 in meta-
felsic tuff (la); x-nicols, x12.5. 
Plate LIX : S1 (?) boudinage of quartz vein. North shore 
of Clode Sound. Boudin approximately 40 em in 
length. 
' 
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orientation. along with the axial-sUrfaces. of the chevron 
folds is WNW -ESE . The fold .axes plunge gently to moderately 
to the east and/or w~st (Fig. 4.1C) in contrast to the 
northern trends of the earlLer (?) stryctures. 
Boudinage 1 Quartz ·veins oblique to S 1 are asymmetrically 
folded (Fl) on varying scales; veins at a low angle to or 
conformable to S1 commonly show boudinage with prominent 
pinch and swell structures (Plate .LIX) . 
. - . ~. 
Axial plane fo l iat i ons and lineations1 s 1 is axial planar 
to F1 folds and is most commonly defined by a parallel 
a~gnment of sericite and/or chlorite. Grain size in both 
·..._, the chlorite and sericite schists ranges up to O.J mm. This 
fabric is commonly accentuated in the tuffs by f l attened 
fragments or lapilli . The degree of development of S1 appears 
to be dependent boti'!. on the degree of strain and grain s i ze 
\..... 
or texture of the various rock types. For example relatively 
micaceous rocks, such as sedimritary rocks or tuff tend to 
exhibit a pe~asive schi~tosity an~ are commonly essentially 
chlorite and sericit~ schists while more silicic rocks ~uch 
as rhyplite flows or relatively coarse grained mafic.dykes 
or flows are comparatively massive and·may show fabric 
development only on their margins. Hence S 1 varies from 
a relativel'y anastomosing slaty cleavage to a more 
pervasive planar alignment of sericite, chlorite and 
recry~tallized quart z. In siliceous rocks, the quar tz occurs 
as equant gra i ns wi t h c urved to sut ured gra in boundar ies 
while its shape i n micaceous rocks is -contro l led by the 
.._\ 
• 
j 
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growth of micas. Plates LX, LXI, and LXII illustrate three 
typical fabric morphologies occurring in the Central · fault 
' 
block. s 1 wraps around phenocrysts in porphyriti~ocks1 in 
the most recr~stallized silicic tuffs, a fine metamorphic 
layering up to 1 mm thick is cemposed of alternating quartz-
rich and sericite-rich domains. The volcanic rocks and the 
granite in the south are r~latively massive but in places 
do show a schistosity or fracture cleavage (S 1?r Plate LXIII). 
In the granite.. the fabric most commonly occurs as an 
alignment of chlor i tized mafic minerals. S2 is oniy locally 
developed and is a spaced fracture cleavage commonly sub-
parallel or at a low angle to the more homogeneous s 1 ~ 
schistosity or slaty cleavage (Plate LXIV). s 2 strikes nor~ 
south and is dominantly steeply east dipping (F i g. 4.1B). 
A variably dipping crenulation cleavage, associated 
with asymmetric kink-band developmen,1. is locally well 
developed and has overprinted s1 , preferentially in micaceous 
layer_~ (Plates LXV and LXVI). Its relation to s2 is not clear. 
The dominant trend i s WNW-ESE with mainly steep northeast 
dips and moderate axial plunges to the northwest (Fig. 4,1C). 
A similar, probably rel~ted foliation on the south shore of 
The Narrows has a very shallow dip and roughly horizontal 
axis. _ / 
Intersection lineations are common on F1 folds of well 
bedded rocks in the Central fault block. There does not 
appear to be any L1 e'longat ion of fragments and no mineral 
lineation was noted. A fine crenulat i on lineation is locally 
' 
i 
J 
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Plate LX: Photomicrograph of F1 fold in siltstone (2b) 
with well developed axial planar cleavage. Note 
intrusion of fine grained bed along cleavage; 
x-nicols, x12.5. 
P late LXI: Photomicrograph of anastomosing S1 foliation 
defined by sericite in recrystallized siliceous 
tuff (la); x-nicols, x12.5. 
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Plate LXII: Photomicrograph o£ S1 foliation de£ined by 
sericite in a porphyritic rhyolite (la); 
x-nicols, x12.5. 
Plate LXIII: Foliated (S 1 ) Georges Pond granite. Note 
cross-fracture approximately at right angles 
to sl. 
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·Plate LXIV: Fracture cleavage (S 2 ) at low angle to S1• South shore of Clode Sound. Pencil is 
approximately 11 em in length and is parallel 
to s1. 
Plate LXV: . Crenulation cleavage (S 3?) related to kinking, overprinting S1. Exposed portion 
of pencil is approximately 8 em in length 
and is parallel to sl. 
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Plate LXVI: Photomicrograph of crenulation cleavage (S 3 ?) 
related to kink bands; x-nicols, x12.5. 
• • 
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developed qn F 2 folds of the S1 foliation. 
\. 
4.4 Eastern Belt I 
The Eastern belt occupies the easternmost portion of 
the field area. It is underlain by the Connecting Point <!nd 
Musgravetown Groups. The Connecting Point Group is never 
seen in contact with the Love Cove Group .(which is in steep 
fault contact with the Musgravetown Group). 
The structure in the Connecting Point Group is similar 
in style to F1 structures in the tentral fault bl6ck . Thin 
bedded sedimentary rocks of the Conne~ting Point Group are 
tightly, asymmetrically folded (Ft) on steeply dipping to 
vertical north-trending axial surfaces. ~he tol~axes plunge 
moderately to the north and/or south.·· The associated. axial 
p~ane foliation (St) usually is a slas,y cleavage. The·St 
fabric ' is locally gently warpe~L 
The Musgravetown Group overlies the Connecting Point 
Group with angular unconformity (angle of oblictuity up to . 
900; see s .ec. · ).4.); Plate XXXII). The strQcture of the 
Musgravetown Group contrasts with that in the Connecting 
Point Group and in most of the Love Cove Group. Basal 
·-·~en conglomerates of the Ca.·mings c'ove Formation are 
pooi'ly cleaved adjacent ,._to minor; raul ts which :.~v.~ ·_modified 
the contact with the Connecting Point Group,' F1 structures 
so typical of the Love .Cove and Connecting Point Groups 
appear to be absent in the Musgravetown Group which ·is 
disposed in a we.st-dipping monoclinal structure~ ·This 
j 
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mn"'or. llnP hr1s a r our.hly rori L-ontR l ax 1s . Bedding d i ps as 
mu c h as 730 \.in th e east. ;md is practicc.l l:v· horizontal or 
gent l y dipping in t h e west. Som<:' ope"! conc e ntric f olding 
oc curs immediately e8.st o f Bunyans Cov e . A vertic!ll or 
s t eepl y dipp ing , poorly deve loped spaced fracture cleavage 
has developed local l y. Ther e i s no d isc e r"' i ble mi neral 
growth on it. 
In the west, gen tly t o mod e r ate l y d i pping, n on - cleaved 
s and ston es and conglo merates of the' Musgravetown Group are 
fault ed against s teeply dipp i ng to v ertical sericite and 
chlorite schists and p e netrat ively cleaved me tavolc;:mic 
rock s of the t\'h"ite Po i nt Formation. 
4. 5 Faults 
Three steeply d i pping or vertical n orth - s triking f'au lts 
occur i n the map area. Two of thes e boun d the Cen t ral f'au:).. t 
bl ock, while the third has mod i fien the c onta c t between 
th e Connecting P o int Group and t he Musgrav etown Group west 
of Bread Cove in the Eastern b e lt. Contras ts i n s t r u c t u re 
a nd me tamorphism (see chapter 5), in pa rticular.lacros,t the 
faults bounding the Central fault b lock , ind icate that these 
faults have juxtapo sed d i fferent structural domains. 
Gravity data (W eir, 1970) s u ggest sign ificant normal 
movement {west side down) on the Western f ault (H. Miller, 
pers. c omm., 1978). Its d i p is vertical ::tt The Na rrow-s b ut 
bec omes shallowe r (wes t - d i pping ) in the Tho rburn Lake a rea 
(H. Miller, pers . comm., 19?8). P i nk felsites intruded along 
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the fault have been fractured along with se'd imentary and 
volcanic rocks on the downthrown side. Schists in the f ootwall 
appear less affected. Structural contrasts ac r oss this fault 
a re clearly showr: in F ie, . 1.1. However, the attitude o f the 
fault appears to con f orm y.ri th F1 str'Jctures in the rocks on 
either side although the map pattern suggests that S1 of the 
Centra. fau lt block may be t runcated local l y by the fault. In 
the Thorburn Lak e area, t he me tamorphic grade i n Unit }b 
basalts wes t or the fau l t is of the prehnite- pumpellyite 
facies, while tuffaceous greywackes east of the f au l t 
.. 
appear o.ffcctrd by g ree nschist metarr.orphism. These 
contrasts can bP expla:\neo in terms of post-me Larnorphic 
juxtaposi tion of different structufa l levels. However, 
further n or t h in t he Gl over town a rea equivalent metamorphic 
grades and structure s prevail on either sid e of the f a u l t 
(Dal Bello, 1977) . T~is may imply that the fault has a 
considerable r ota tiona l component . 
The steeply-dipping o r vertical Charlottetown fau 1 t 
/ -. , 
has a marked topographic express i of a~ has produced 
' \ ~ 
considerable alter~tion (incl. s ilici ficati on), fracturing 
and fold i ng in schists of the lvh i te Point Formation and 
fr<tcturing, brecciation and poss i bly foldine in volcan i c 
and sedimentary rocks of the Charlottetown Formation. Younce 
(1970) thought this to be a major wrench fault with variable 
senses a nd amounts of net slip displacement alonp, it . 
Interpretation of the stratigraphy suggests that, at least 
in this area, there is a s,ie,nificant component of dip-slip 
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movement or: t h i::; fault. 
In the C entr:a l fault block, there are numerous :fractures 
para l le l to s~ o~ which there was probably limited movemen t . 
These may be r elated t o the development of the fabric as 
ha s been shown f or slates of the \<'/elsh Basin . (cf., Hobbs 
et.al., 1976). 
4,6 Interpretation 
I n a regional context and ' in terms of the original 
definition o:f the Love Cove Group, the litho logic sequence 
and the structural style of the western "band .. * of the Love 
Cove Group appears quite similar t o t hat of the eastern 
"band " of the group (,Tenness, 196J ; Bla'Ckwood, 1976; 
Blackwood, pers. comrn., 1977). Theref ore, the major struct ure s 
( F1) d eveloped in t he western portion of the present map area, 
although of somewhat different orientation than elsewhere in 
the Love Cove Group (as defined here) are thought to 
represent ·the same generation as the F1 structures in the 
Central :fault block. 
The contrast in style of fo lding may be due to regional 
heterog eneity of s train. Wood (1973 T demonstrated the 
variability in t he amount of f lat tening of reduct i on spots 
in steeply dipping Cambrian slates of t he Welsh Basin and 
*in terms of Jenness' (1963) definition of the Love Cove 
Group, the Central fault block and t he White Point Formation 
occurring i n the vi estern belt of this thesis, comprise 
portions of the eastern and western "band s ", respectively, 
of the Love Cove Group (Jenneso, 1963) (i.e. compare Map 
1129A of Jenn ess ( 1963 ) with Fig. 1 of this thesis). 
J 
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concomitt a n t changes l n the degree of ver tical extension . He 
a1 s d foun d a sp:1tial co r releltion between large vertica l 
extensions and p lunge culmin ation s , and small vertical 
e xt ens i ons and plunge depressions, thereby indicating that, 
at 1Past in the ~ e lsh Basin, variat ion in f old plunge LS 
largely due to h e t erogene ity of strain. Such a mechanism 
m~y a l s o have he e n a t l east part ial ly responsible for t h e 
large variation in f ol.d plunges in the Cent ral faul t b l ock 
a n d elsewhere in the f ield area . 
Modera te wes terly d i ps a re no t typica l of the bulk of 
the Love Cove~roup. However , Jenness (1963 ) f ou nd such dips 
of the f o liat i on on the east flank of the western "band" of 
~he Love Cove Group and west- dipping b edding in the ad j acent 
Musgravetown Group, f rom the Clade Sound area (western 'belt 
of this thes is) to t h e s outhern limits of the bel t . Hence, 
the major asymme tric synclinal s t ructure def i n e d in the 
p resent map area may extend southward, app r oximat e l y 45 km, 
t o the Whitehead Pond area where it is cut off by the Ackley 
batholith. 
The style of s trlJcture outlined for the Western belt 
of the present map area is dominated elsewhere in the western 
Avalon Zone by thrus ting or high angle faulting (Strong et . al., 
1978a: O'Driscoll, 1978: Younce, •9?0). It i s probab l e that 
the structure d epicted in Fig. 1.1 (sect i on A- A' ) is 
associated with thrust or reverse faults to the n orth where 
gently d i pping cleaved upright sed i mentary rocks correlat ive 
wi t h Uni t Ja are in steep fault contact with ser ic ite schists 
J 
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correlative with Unit la. Much of the western limb and core 
regjon of the norther:1 ex t ension of the syncline s hown i n 
Fig. 1.1 may have been removed on such faults, producing 
the observed structural contrasts seen i n northern Bonavista 
·' 
Bt=J.y . (Un: t Ja had previously been referred t'O'--. the musgravetown I ~ 
Group and Unit 1a t o the Love .Cove Group of ~nness (196J)). 
The structural contrasts across faults juxtaposing the Love 
Cove and Musgrr1ve town Groups (Jenness, 196J ) described above, 
had been used, along with other evidence to be evaluated 
later, to suggest that the deposition of the Musgravetown 
Group post-dated the regional deformation of the Love Cove 
Group. That argument appears to be refuted by the 
relationships described from the W~stern belt of t he present 
map area where the western band of the Musgravetown Group 
(Jenness, 19hJ) conformably or perhaps disconformably overlies 
the Love Cove Group (Jenness, 196J). The status of the 
central band of Musgravetown Group rocks (,Jenness, 196)) 
wh ich underlies much o f the eastern structural belt of the 
present map area is less clear. It is unconformable on the 
Connecting Point Group but it is in fault contact with the 
Love Cove Group. Clasts of sericite schist occurring in 
Musgravetown Group conglomerates are similar to rock types 
within the Love Cove Group. Discussions of thi~ deformed 
detritus are deferred to a later chapter. 
On the basis of the contrast in the apparent intensity 
of deformation, JennP.Rs· ( 196J) interpreted the Connecting 
Po i nt Group to unc onformably overlie the Love Cove Group. 
• 
( 
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However, these tw o sequences are never seen in contact and 
the Connecting Point Group consistently lies to the east 
of th~ Love Cove Group. Younce (1970) described an eastward 
decrease in the ampl itude of folds within the Connecting 
Poi nt Group. This may be due to a purely litholo~ic control 
on the style of deformation or i t could indicate ~westward 
increase in the overall intensity of deformation. It is 
possible that the principal structures (Ft) in ~ese rocks 
are of the same a g e and that contrasts between the two 
groups are largely a function of their relative structural 
posit i ons at the t ime of deformation. 
The style of structures described from the Central fault 
block appears to be cha racterist ic of the Love Cove Group 
throughout the western Avalon Zone (Jenness, 1963; Dal Bello, 
1977; Hussey, 1978). Other sequences tend to be dominated 
by a simple, open str Jcture, locally with cleavage development 
although Cambrian and Musgravetown strata on the west side 
of Placentia Bay have been thrust, overturned and in places 
tightly folded (Strong et.al., 1976: O'Driscoll, 1978 ), In 
the south, on the Burin Peninsul a the Love Cove terrain 
appears to strike into the volcanic terrain of the 
Musgrave town Group without any discernible break ( 0 'Brien, 
• • 
1978a, b). The Marystown Group is conformable or disconformable 
up into Cambrian strata (eg •• O'Brien et.al., 1977). The 
southern portion of the belt of rocks referred to the Love 
Cove Group (O'Drisco ll, 1978 ; O'Brien, 1978a, b) is 
characterized by an inhomogeneously developed regional 
J 
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foliation cs1 ) in which the fabric occurs in discrete zones 
interspersed with more massive litholQgies (O'Brien, 1978a, b). 
The p~oportion of schistose rocks decreases southward and 
the structure in the Marystown Group farther south is dominated 
by west dipping thrusts or shea~ zones (e.g. Strong et al., 
1976). 
In northwestern Bonavista Bay, the steep s 1 foliation 
of the Love Cove G~oup is gradational into mylonites of the 
Dover Fault which juxtaposes the Gander and Avalon Zones 
(Blackwood, 1976). The mylonitic fabric overprints the 
gneisses and some of the granites in t he Gander Zone (Black-
wood, 1976). The age of the fabric 1s therefore relevant to 
the timing of si gnificant movements on the Dover F~ult and 
places an upper age limit on metamorphic and i g neous rocks 
in the northea~ter n Gander Zone overprinted by the fabric. 
Various lines of evidence to be summarized and discussed 
fully in the c onclud ing chapter suggest that t he regiona~ 
foliation oE the Love Cove Group is Pa laeozoic (Acadian?) in 
age. 
However, the unconformity described betwee~ the cleaved 
Connecting Point Group and the Musgrqvetown Group on Clade 
Sound can be taken as evidence for Precambrian (Avalonian) 
deformation assuming that the Musgravetown Group at that 
locality is in fact, late Precambrian in age. Younce (1970) 
correlated portions of the ~usgravetown Group with the Love 
Cove Group and therefore considered the Connecting Point 
Group to be the oldest unit in the area. The unconfo~mity 
just east of Milner's Cove can therefore be considered the 
only good evidence for an Avalonian event .on the weste rn 
Avalon Zone. It is not clear what the relationship is between 
structures in the Connecting Point Group and those in the Love 
Cove Group as these rock groups are n~er seen in contact and 
are generally spatially separated. 
5.1 Introduction 
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CHAPTER 5 
METAMORPHISM 
A number of distinct metamorphic mineral assemblages 
occur in the map area. Their distribution and associations 
are outlined below. It appears possible to relate, in part, 
the timing of these various assoc_iations of mineral growths 
to specific structural events. However, it should be noted 
that information on the metamorphic petrology of some units, 
such as the Connecting Point Group, is incomplete and the 
follow.ing synthesis of the patterns of the metamorphism 
the field area may be subject to future revision. 
in 
Mafic volcanic rocks and/or pelitic sedimentary rocks 
occur in a l l,groups i n the map area and studies of their 
metamorphic petrology are useful in outlining the 
distribution of the various metamorphic facies. 
Albite, chlorite, epidote, calcite, iron oxide and 
minor quartz, in various combinations and proportions, occur 
in mafic igneous rocks throug·hout the map area. However, 
some p'hases of the Georges Pond pluton and some diabase 
dykes in the Southwest River Formation are relatively 
·' 
unaltered. Sericite and/or chlorite and epidote are developed 
in most sedimentary rocks in t he study area. These ~etamorphic 
assemblages are in association with mor~ diagnostic minerals 
J 
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in spe6ific portions of t he area. In bas~lts of Unit Jb 
(Southwest River Formation), these minerals are accompanied 
by prehnite and pumpellyite. In addition, prehnite has been 
identified in the field in Unit 6a (Y.usgravetown Group). 
Actinolite occurs in mafic dykes cutting Unit 2a, but 
otherwise appears to b e restricted to volcanic rocks of 
the Central fault block. It is best developed in mafi~ to 
silicic rocks in the vicinity of the Georges Pond pluton. 
Stilpnomelanc is restricted to the White Point and Thorburn 
Lake Formations of the Central fault block. To the north 
in the Glovertown area, biotite occurs in correlatives of 
,· 
Unit 2a to the west of the northern extension of ~ h e 
Central fau lt block (Dal Bello, 1977 ), 
The prehnite-pumpellyite isogr~d is difficult to define 
since sample data are limited (2 l ocalities in Uni t )b) and 
mafic compositions .are sparse elsewhere in the Southwest 
River Formation. Sedimentary rocks of Unit Ja typically 
contain sericite and minor calcite and chlorite. However, 
it is clear that the prehnite-pumpellyite isograd falls no 
farther east than the fault bounding Unit Jb. It may be 
restricted to the south side of Clade Sound since mafic 
dykes intruding Unit 2a on the north shore contain secondary 
actinolite. Limited data on the Musgravetown and Connecting 
Point Groups suggest that mi nera l assemblages i n these units 
indicate low metamorphic grades but do not specify any 
particular facies. The location of the biotite isograd in the 
field area is difficult to place on the basis of the data 
available, but appears to fall within the faults bounding 
J 
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the Central fault block although this is not strictly the 
case to the north (Dal Bello, 1977), 
In general, /there is a rough correlation between 
metamorphic grad~ and the intensity of deformation and 
therefore a 
metamorphic 
the site of 
correspondance between the structural and 
zones. The Central ~ult block is £xclusively 
the highest metamJrphic grades in 
the study area. The prehnite-pumpellyite zone encompasses 
the least deformed strata in the area, in the southeast 
portion of the Western belt and possibly in the Musgravetown 
Group of the Eastern belt: these rocks roccur in the uppermost 
portions of the stratigraphic column. Lower greenschist 
mineral assemblages appear to dominate much of the Western 
belt (in the Northwest River area) and the Connecting Point 
aroup of the Eastern belt. 
In the following sections, the metamorphic mineral 
assemblages in the area are described both in terms of 
rock composition (i.e. mafic, silicic, and sedimentary rocks) 
and their relatior. to the stru~tural development of the area • 
5.2 Mineral Assemblages 
Mafic compositions' All ma~volcanic and hypabyssal 
rocks of the Central fault bl~k are compo~ed largely of 
chlorite, epicfote, albite, calcite, iron oxide and minor 
quartz and sericite in varying proportions. Quartz and 
calcite commonly occur in thin veins. In addition, colorless 
to pale green actinolite (up to 2 mm) occurs as a replacement 
J 
Plate LXVII: 
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Photomicrograph of actinolite developed in 
mafic dyke (N-S swarm) in Unit 2a. North 
shore of Clode Sound; x-nicols, xl2.5. 
Plate LXVIII: Photomicrograph of post-kinematic (post s 1 ) stilpnomelan~ rosette in deformed rhyolite; 
x-nicols, xSO. 
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of pyroxene in dykes within Uni"t la and in mafic to 
intermediate flows in the. Blue Hills and Blandfords Ridge. 
It commonly occurs as ragged randomly oriented grains which 
have grow~ across grain boundaries of primary pyroxenes 
(Plate LXVII). In places it is partially chloritized. The 
dykes and massive volcanic r oc ks also contain accessory 
green to brown biotite and minor K-feldspar. Primary 
feldspar has been replaced by epidote, calcite , and albite. 
Mafic fl ows of Units Jb and 6a typic a lly contain albite, 
chlor i te, epidote, calcite, iron oxide (largely hemati te ) 
and hydrous iron ox i de. The c hlorite, epid ote, calcite and 
hemat ite occur beth in amygdules and i n the groundmass. 
Prehnite and pumpellyite were not seen in thin sec t i ons 
in basalts of Unit 6a but in basalts of Unit Jb they occur 
both the groundmass. 
illicic com ions: Silicic tuffs and flows of Unit la 
conta in va riable ortions of albite, quartz, se·~j cite, 
minor chlorite, l o ally abundant epido t e, minor 
stilpnomelane and locally actinolite (with minor green 
biotite) i n silicic breccias in Blandfords Ridge. Primary 
plagioclase has invariably been replaced by epidote or 
sericite and albi t e. 
Secondary mineralogy in silicic rocks of the Southwest 
River Fornation (Jb) and the Musgravetown Group ( 6a, 6b) 
is sparse. Unit J b rhyolites contain minor sericite, 
piednnntite , minor epidote, and hematite wh ile rhyolites 
(pantellerites) of Units 6a and 6b contain minor sericite, 
J 
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c~lorite, calci te and locally mmor siderfte. 
Mafi c mi nerals in the various phases of t he Georges 
P ond pluton are partially to wholly chloritized, and l ocally 
the feldspars are extensive l y saussuritized. 
Sedimentary rocks1 Tuffaceous greywack:s and siltstone 
of the Thorburn Lake Formation typically contain abundant 
chlorite, epidote and lesser sericite. Accessory green 
biotite occurs in the southern portions of Unit 2b The matrix 
\ 
of red sedimentary rocks of Unit Ja commonly includes 
abundant sericite and smaller amounts of calcite. Mi nor 
secondary seric i te occurs in sed i mentary rocks of the 
Musgravetown Group. 
Abundant sericite, minor chlor ite and epidote were seen 
• 
in phyllite of the Connecting Po i nt Group. 
5.J Relationship of Mineral Growth to Fabric Development 
The S1 fbliation of the Love Cove Group (and of the 
Connecting Point Group) is invariably defined by sericit e 
and/or chlorite. However, sericite and chlorite may be 
disoriented in the strain shadows of phenocrysts. In the 
Love Cove Group, a pronounced S1 shape fabric of quartz in 
metatuffs and sedimentary rocks (Plate LX) has apparently 
been controlled by a preex i sting mica alignment. At other 
localities, quartz has recrystallized to form a polygonal 
texture in some meta-silic i c tuffs. The c h l orite and/or 
sericite which d e fine St are buckled and locally rea ligned 
on later crenulation cleavages. 
J 
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The relation of actinolite growth to fabric development 
. ' 
is not clear since it tends to occur in massive, non-
foliated rock types. A large p~oportion of the actinolite, 
in particular in the Blue . H.ls and Blandford's Ridge could 
be associated with a contact metamorphism (p/e or syntectonic?) 
adjacent to the margins o f the Georges Pond pluton. 
Stilpnomelane is most common in silicic volcanic rocks of 
.. 
the White Point Formation. Brown to reddish-brown stilpnomelane 
occurs as tiny post-kinematic rosettes (<0.) mm) wh-ich 
have grown across S1 (Plate LXVIII}, or mi metically in S1 
or along fractures subparallel to s 1 . It has also crystall ized , 
on biotite microphenocrysts previously pseudomorphed by 
epidote and opaque minerals. The re l ation of the sti lpnomelane 
to the s2 fracture or crenulation c l eavages is not known. 
The relationship of prehnite-pumpellyite facies 
metamorphism of Unit Jb and low grade metamorphism of the 
Musgr~vetown Croup to fabric development in the map area 
is unknown since these rocks are non-foliated. 
The major faults bounding the Central fault block 
now juxtapose rocks of widely contrasted metamorph~c grade, 
implying that there may have been a significant movement 
on those faults. The occurrence of biotite~rade metamorphic 
assemblages to the north on either side ·or the western 
fault suggests a component of rotat i onal movement on that 
structure. Rowever, it appears that after regional 
metamorphism affected this area, the Central fault block 
acted as a horst with substantial uplift, relative to 
J 
( 
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adjacent struc tur al belts. 
5.4 Inter pretat i on 
The grade of metamorphism i n the redefined Love Cove 
Group is 1 in part, a function o f depth in the stratigraphic 
sect i on 
1 
the l owe;;.-t-·"'J"rades ( prehnite-pumpe lly i te facies) 
prevailing in the Southwest River Formation . 
Post-F 
1 
stil.pnomelane growths, similar to tha t des-
cribed above , have been r e ported to the south in the northern 
Placentia Bay area ( Hussey , 1978b ) f r om correlatives of Units 
2b and la. Da l Bello ( 19 77) reported gree n biotite to. the 
north from correlatives o f Unit 2a. It is clear t ha t the 
main defonpat i on ( F 
1
) of the Lo ve Cov e Gr oup was accompanied 
by metamorphism of lowe r g rcenschist-fac ies g rade 1 a nd t hat 
lower-most g reenschist f ac i es temperatures were maintained 
for a time post- kinematically . 
. ( 
J 
6. 1 Introduct ion 
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CHAPTER 6 
CHEMISTRY 
It is clear that geochemical studies conce rning a 
number of geological environments can be truly meaningful 
only if there is a concomittant understanding of the 
stratigraphy and field relations In this case, the 
chemistry is used only as a sup ement to field and 
petrographic studies; consideri g the number of analyses 
per unit, the chemica l data are of a preliminary nat ure only , 
and conclusions drawn from the should therefore be regarded 
can be recognized. 
For this study , sixty-seven 
and trace-element ana lyses have 
Zr, Sr, Rb, Zn, Cu, Ba, Nb, Ga, Pb, Ni, 
Appendix 4). Sampie location~ a re given 
•• 
are given for the three maj o-:/. volcanic 
dykes and the Georges Pond pluton. 
This study along with that of Malpas ( 1971) and Dal 
Bello ( 1977) represents the only geochemical work on 
• 
volcanic rocks in the northwestern Avalon Zone . The granitic 
rocks in that area were included in the regional geochemical 
study of eastern Newfoundland granitoid rocks by Strong et.al. 
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(19'/4). 
r~any auth or s agree that a9h fl ows represent mechanically 
f:r::ac ti ona ted deri va t i ves of the ir parent magma a nd t ha t 
\ 
therefore their chemical composition, either in whole or 
in part, is not representa~ive of the parent magma ( eg. 
Hay, 1959; Lipman, 1967; Sparks et.al., 1973; Sparks and 
Walker, 1977). On this basis, ash flow tuffs and other 
pyroclastic and related sedimentary rocks were largely 
a voided in selecting sampl es for geochemical studies in 
the present work. Thus, chemical analyses presented here 
include mainly flows and intrusive rocks, and are intended 
principally as an aid in dec iphering the magmatic lineage, 
especially where field or petrographic evidence is not 
sufficiently speci fie. The patterns of distribution of 
major and trace elements for eac~ igneous sui te are compared 
and contrasted on a number of binary plots. 
The rest of this chapter is divided into a number o:f 
sections dealing with alteration in the rocks in general 
and with the geochemistry of each of the distinct rock units 
i:n particular. A number of conclusions are drawn c oncerning· 
~he geochemical affinity and relations of the various suites 
usipg those elements that are believed to be least affected 
by metasomatic changes. 
Analytical methods, along with precis ion and accuracy 
data for both major and t race element determinations are 
presented in Appendix 2. The raw major and trace element 
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analyses and recalculated anhydrous analyses (wit h a d j usted 
Fe203/FcO) and derived C. I. P.~J . normative composit i ons of 
these rocks are presented in Appendix 4. 
6.2 Alteration 
All igneous rocks in the map area have suffered some 
alteration, and in the volcanic rocks it is commonly severe. 
The intrusive rocks and some of the Musgravetown Group 
basalts appear to be least altered; some gabbros contain 
relatively unaltered olivine, pyroxene and plagioclase. 
Secondary processes affecting the igneous chemistry of the 
altered rocks include: (a) chemical changes contemporaneous 
or associated with eruption and various surficial processes; 
i 1.e. fumarolic alteration, glass-crystal alkali exchange 
and ground-water leaching (wi th devitrification?), oxidation, 
late magmatic or deuteric alteration in intrusive rocks; 
(b) ionic transfe~ and oxidation during low-grade metamorphic 
recrystallization; (c) weathering,(This has largely been 
avoided in sampling and is of no significance here.). It is 
• difficult to distinguish between the effect of either of 
the two former processes and hence they will be treated 
together. 
Indications of the degree of alteration suffered by 
these r ocks includ.e the nature of the secondary minera logy , 
the FezOJIFeO oxidation ratios (Fig. 6.1), Loss on Ignition 
(LOI) levels (Fig. 6.2), and variations in alkal i content 
. 
J 
\ 
\ 
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(Fir', · 6.J). 
Secondary mi neralogy: Elemental mobility, in particular 
o f the alkal ies, and addition of H20 and co2 is suggested 
by the filling of amygdules with chlorite, epidote, and 
calcite and by the replacement of plagioclase by sericite 
or by albite and calcite or epidote. In some basalts (Unit 
Jb, 6a) the cores of some plagioclase laths have been 
replaced by chlorit e indicating leaching of Cao* and Na2o. 
In addition, albite pnenocrysts in silicic rocks of Unit 6 
and locally Unit Jb commonly show a "chequer-board" texture 
(Plate XLIX) suggesting replacement of potash feldspar by 
albite (Battey, 1955). Veins composed of quartz, epidote, 
and locally chlorite are also evidence for at least local 
metasomatism. Silicification is of only local importance 
and was largely avoided in sampling. 
Oxidation: Fig. 6.1 shows the wide range in Fe20yFeO 
values in rocks of the study area, particularly in basalts 
of Units Jb and 6a where a hematite stain is ' commonl y 
developed. The occurrence of Liesegang bands may indicate 
limited mobility of iron associated with weathering or 
groundwater percolation (Singer and Navr ot, 1970). The 
degree of saturation or undersaturation of the normative 
composition of mafic igneous rocks is strongly influenced 
by the level of oxidation of their iron content. Hug·hes 
and Hussey (1976) and Brooks (1976) review~d the corrections 
for the Fe2DyFeO ratio used by various authors for a range 
*these bas~lts are corundum-normative· 
J 
·--\ 
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of basaltic rocks from a number of environments and both 
maqe appeals for a standardi zed procedure, Hughes and 
Hussey (1976) suggested a ratio of Fe20yFeO + Fe2o3 = 0.20 
(Fe20J/Fe0 = 0.25) while Brooks (1976), working large l y 
with tholeiites, suggested Fe 2oyFeO = 0.15 for mafic 
volcanic rocks. Hughes and Hussey (in press) ·indicate that 
a reconciliation of these two viewpoints and adoption of 
the mean of the two ratios yields a more useful value 
(Fe20J/Fe0 = 0,20). This is somewhat high for tholeiites 
and low for alkali basalts but in sequences of uncertain 
affinity the adoption of such a standard value may prove ' 
use.ful. Hence, the recalculated analyses have been adjusted 
to Fe20J/Fe0 = 0,20. Adjustments for other rock types are 
given in Appendix 3. 
Loss on Ignition: Fig~ 6.2 shows the generally inverse 
relationship between Si02 and Loss on Ignition. LOI is 
hig·hest in volcanic rocks and some mafic dykes affected 
by the lowest grade of metamorphism. It averages 5.9% in 
basalts of Units Jb and ·6 and 2.7% in silicic rocks of Unit 
6. Loss on Ignition is not as significant a :fact~r in U~t 
la; it aver:ifges 2.6% in the basalts and 0.9% in the rhyolites. 
Alkali contents: The alkali contents of rocks in the 
study area appear to have been severely affected by secondary 
processes, as indicated by a wide variation in total alkalies 
t 
and in the Kz0/Na2o ratio. Although all units show a broad 
scatter, both these parameters show greatest variability 
in mafic and silicic rocks of Unit Jb and part~cularly 
J 
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Unit 6 (see Table 4; ~ig. 6.}). The rocks of relative ly 
higher metamorphic grade (eg. Uni t l a ) tend to show less 
scatte r on Fig . 6 . } although t his does not necessari l y 
imply limited alka l i mobility . 
Table 4 - Range in alkali levels in the volcanic rocks 
Basalts Rhyolites 
Unit la 
Na20 2.28-}.40 J. 88- 5.60 
K~O o .45-1.18 1. 88--4 . 18 ~ lk 2. 97-4 . 08 7 . 08-8.11 
Unit }b 
NabO 4.27-4.55 2.86-6.55 
K2 ~19-0.08 1.20-5.86 
~A lk 4 46-4. 6} 7·75-9.41 
Unit 6 
Na0o J.6J - 4.88 0,11-J.?~ ;ilk 0. 06-1.74 1.}7-8 .8 J. 79-5.89 2.15-9.02 
There is some doubt as t o the correct interpretation of 
the alkalies-silica plot (Fig. 6,4) for the basaltic rocks 
(Macdonald and Katsura, 1964 ; Irvine and Baragar, 1971) , 
Rocks of the Wh i te Point Formation and most mafic dykes in 
the map area are confined to the tholeiitic or subalkaline 
while basalts of Units Jb and 6a occur largely in t he 
alkaline field. However, the distribution of these points 
may also reflect the fact that rocks in the tholeiitic 
field contain greenschist grade mineral assemblages while 
those in the alkaline field are of lower metamorPhic grade, 
It is possible that the metamorphism has enhanced primar y 
chemical differ ences between these rocks. However, it i s 
4'1\ 
• 
J 
• 
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no~ entirely clear what the contrast in alkali levels 
between these rock units reflects. This diagram wi ll therefore 
not be used t o support an interpretation of a primary 
• 
magmatic distinction between these rocks. 
Many authors (Hopgood, 1962: Vallance, 1969, 1974; 
~ Smith, 1968; Smitheringale, 1972; Hart et al . , 19741 Cann, 
• 1970: Wood et al., 1976; Kerrich et al., 1977) agree that 
low-grade met amorph i c processes in a number of environments 
produce variab le metasomatic effects in mafi c volcanic rocks 
for most major and trace element s, and in some cases more 
than a 50% change in the concentrations of s ome elements 
(i.e. especially Na, K, Ca, Ba, Rb, and Sr). Also, aside 
from some workers (eg. Donnelly, 1963 ) it i s general l y 
believed that keratophyric or poeni tic composition s in 
silicic volcanic rocks are the result of secondary metasomat i c 
processes (eg. Battey, 1955: Hughes, 1973). Malpas ( 1971 ) 
and Hughes and Malpas (1972) associated K and Ba metasomatism 
in silicic rocks of the Bull Arm Formation with Acadian 
folding while Levi (1969) ascribed the com~s ition of some 
keratophyric ash flows to b~ial metamorphism of prehnite-
pumpellyite to greenschist -grade. Such compositions however, 
may reflect the cumulative effects of a number of processes, 
not the least of which could be surfic i al or near-surface 
alkali mobilization. Lipman et al. (1969) suggest that 
ther e is essent i ally no alkali mobil i ty,whiie Kochhar (1977) 
indicate9 that there can be quite siqnificant sod i um loss 
associated wit h primary crystallizat i on and cooling of 
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calcalkali rhyolites. Lofgren (1970) demonstrated increased 
devitrification rates in the presence of alkali-rJch 
solutions and along with Scott (1970) showed significant 
alkali exchange between silicic glass and an aqueous phase. 
However, it is the silicic peralkaline lavas which appear 
to be most susceptible to elemental mobility upon hydration 
and/or devitrification (Noble, 1965a,b; 1970a). The severity 
of these effects appears to be related to the degree of 
peralkalinity, being most pronounced in pantellerites. This 
may be due to a lack of sufficient alumina to combine with 
the alkalies (Noble, 1970a). Loss of Na20 (up to 25~ from 
some obsidians; up to 50% from ash fall tuffs) is the most 
consistent change with addition or depletion of K2o (Noble 
1965a,b; 1967, 19?0a; Ewart et.al., 1968; Baker and Henage, 
1978). This is accomp~ed by loss of halogens and a lesser 
mobility of Mg, Sr, Ca, and possibly by a local depletion 
in Si02 ; Fe is relatively immobile, but is invariably 
oxidized (Noble, 1970a). U is commonly lost (Rosholt and 
Noble, 1969). 
It appears then that most major elements and 
_geochemically associated trace elements are affected by 
~ · 
secondary metasomatic processes and therefore may not be 
reliable in distinguishing volcanic units, (especially 
where these have undergone variable degrees of alteration) 
or in determining magmatic affinity. Unfortunately, the most 
. 
widely used graphical illustrations of geochem~cal trends 
in magmatic evolution typically involve the alkalies. These 
J 
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include the AFM diagram (Wager and Deer, 19J9), the alkali-
lime index (Peacock, 19)1), alkali-silica plot (Macdonald 
and Katsura, 1964: Kuno, 1966r Irvine and Barager, 1971) 
and the alkalinity index-silica plot (Wright, 1969). The 
petrogenetic value of any such plots is clearly limited 
or nullified by the alteration described above. However, 
in recent years, it has been shown that some elements are 
relatively resistant to metasomatism under a variety of 
conditions. These include Al, Ti, Zr, Y, Nb, and in many 
cases P (Pearce~and Cann, 1971, 197); Vallance, 1974; 
Carmicheal, 1969: Cann, 1970: Hart et.al., 1974: Wood et.al., 
1976; Baker and Henage, 1978). Consequently, a number of 
authors using these elements have devised binary and ternary 
)ilots designed to distinguish magmatic affinity and tectonic 
.environment (Cann, 1970; Pearce and Cann, 1973; Floyd and 
\. . . ___ ,. 
Winchester, 1975: t'linchester and Floyd, 19'76, 1977: Pe~rce 
and Gale, 1978). Obviously, the reliability of these plots 
depends largely on the extent of sampling of the various 
magmatic suites included in their construction. For example, 
Pearce and Cann (1973) do not appear to have included 
continental margin and intracontinental calcalkaline 
basalts in the preparation of their diagrams. Indeed, several 
authors have found some of these plots to be erroneous . in 
delineating tectonic environment (eg. Morrison, 1978}. Thus, 
these immobile element ·plots are valuable, when used with 
di:scretion, in suggesting a magmatic affinity for altered 
rock units although they should not be taken as an independent 
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indication of tectonic environment. With these reservations 
•in mind, a number of such binary plots are used to describe 
the magmatic affinity of igneous rocks in the map area. 
Plots involving Si02 were used in this study since in 
general there is little or no petrographic or chemical 
evidence for significant addition or depletion in silica 
in the samples analysed. 
Harker (1909) plots are given for each unit purely for 
descriptive purposes to clearly outline elemental 
distributions in these rocks. 
6.J White Point Formation 
The composition of volcanic rocks in this formation 
range from basalt through andesite to rhyolite. Field 
relations (sec. J..J.l,J) and chemical · data presented below 
suggest a genetic link between the.White Point Formation 
and the Georges Pond pluton. When both these units are 
included on a frequency versus silica histogram (Fig. 6.5), 
there is a continuum of compositions from basic to acidic, 
This is in contrast to the marked bimodality of Units Jb 
and 6 (see Fig 6.12). 
Major elementss The average compositions for 
rocks of the White Point Formation compare closely with 
rocks from ensialic orogenic terrains (Table 5). Basalts 
of Unit la are quite similar to hig·h-alumina types from 
calc alkaline terrains ( eg. Cascade Range, western United 
States}. 
ic 
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Table 5 Comparison of average analyses from units in s tu 
Rb 
Sr 
Ba 
cu 
Pb 
Zn 
Cr 
Ni 
v 
G~ 
Zr 
y 
Nb 
1 
48.6J 
1.15 
17.20 
5.78 
4.76 
0.19 
5.92 
9·35 
2.8J 
0.78 
0.20 
2.59 
20 
541 
211 
58 
5 
106 
167 
87 
255 
21 
108 
16 
6 
2 
58 .80 
1. 01 
15.45 
s.os 
2.53 
0.18 
J.61 
4.68 
4.42 
1. 75 
0.31 
1.93 
4?~ 
644 
46 
11 
170 
25 
10 
156 
18 
188 
29 
9 
J 
?4.61 
0.32 
1).20 
0.69 
0.99 
0.06 
0 .36 
1.15 
4.81 
2 .94 
0 ,06 
0.93 
4 
7).25 
0,07 
12.30 
1. 81 
o.-o3 
0.23 
0,44 
2. 66 
5-75 
0,04 
2.64 
56 186 
140 75 
795 1526 
7 
9 
96 
5 
3 
20 
16 
231 284 
33 
13 
5 
49.16 
2.29 
lJ .JJ 
9. ?1 
1.31 
0.16 
10 .41 
10.93 
2.15 
0.15 
0.16 
1. Unit 1a basalt (Avg. of 6) 
2, Unit la andesite (k.vg. of 2) 
) •• Unit 1a rhyolite (Avg. of 6) 
4 Bull Arm Fm. (avg. of 7), Malpas, 1971. 
5. _01. tholeiite (Irvin,.e & Baragar, 1971 ) 
6. Tholeiite ( " " ) 
?. Hi-Al basalt ( " " ) 
8. Andesite ( " " " ) 
9. Dacite ( " " ) Uo. Rhyolite ( ) 
6 
53.8 
2.0 
13.9 
9.J 
2.6 
0.2 
4.1 
7.9 
3.0 
1.5 
0.4 
7 
49 .1 5 
1. 52 
17.73 
7 .20 
2 .76 
0.14 
6.91 
9.91 
2.88 
0.72 
0.26 
8 
60.00 
1. 04 
16.00 
6 .20 
:. 89 
0 . 16 
J.90 
5.87 
).85 
0.87 
0,2) 
.. 
9 
69 . 68 
O.J6 
15 .21 
1.90 
1.08 
0 . 04 
0 . 91 
2.70 
4.47 
J. 01 
0,10 
10 
73.23 
0,24 
14.03 
1. 70 
0.60 
0 .02 
D.J5 
1. 32 
J.94J 
4.08 
0.05 
11. Unit Jb basalt (Avg. of 2) 
12. Unit 3b rhyolite (Avg, of 4 ) 
1J. Unit 6 basalt (Avg. of 7) 
14. Unit 6 porphyritic basalt (1) 
15. Unit 6 pantellerite ( Av~. of 
16. Avg. cont. alk. basalt (Mans 
17. "K-poor" a l k. ol. basalt (I 
18. Tristanite ( Irvine & Baragar, 
19. Pantel l erite (Pantelleria: B 
_ .. 
/ 
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<?S from units in study area with compositions of more recent igneous rocks of known 
8 9 10 11 12 lJ 14 15 16 17 18 19 20 
·) O . 00 69.68 73. 2J 44.85 71.83 44.81 53.41 7).28 47.1 45.4 55.85 69.81 75.31 
1. 04 0.)6 0. 24 1.76 0.35 ·2 .18 0.82 O.J5 2.2 . 3·0 1.80 0.45 0.21 
~6.00 15.21 14. 03 15.95 1) .94 15.49 17 . 67 9.20 15.7 14.7 18 . 98 8.59 10,4J 
6.20 1.90 1. 70 5.32 0 . 50 5.99 · 1.82 2.42 ?.8 9.2 ).11 5.76 0~80 
1. 89 1. 08 0.60 7.26 2.10 5-93 5 .68 4.85 J.4 4.1 2.59 2.28 ).22 
0,16 0.04 0.02 0.20 0.04 O,JJ 0.14 D.14 0.16 0.2 0.12 0.28 0.09 
J.90 0.91 O.J5 9.94 0 .42 5.02 J.13 0.20 '?.1 7.8 2.04 0,10 0.10 
5 -87 .,2. 70 1. J2 4-.69 0.88 .6 .43 4.t9 1. 38 10 .1 10.5 4.51 0.42 ~.1) 
J 
) .85 4.47 ).94 4.41 4.75 . 4. 06 ).71 1. 68 J.J 3.0 5.16 6.46 3-99 
0.87 3.01 4. 08 0.14 3-95 0.73 4. 24 ).19 1.5 1.0 4.08 4.49 4.65 
0.23 0.10 0.05 0.28 0.07 0.61 0.24 O,OJ 0.4? 0.4 ' 0.)9 0 ,1J O.OJ 
4.188 0.94 .. 6. 7Y 2.JJ 2.79 1.1 0.19 0. 89 
4 82 26 101 109 23 n .d. n.d. 
244 77 467 6JJ 59 566 7 6 
84 723 294 1350 142 50 10 
59 8 43 J7 10 5 8 
8 9 4 1 24 JO 70 
100 39· 109 81 2)0 n.d . n.d. 
227 4 170 24 2 1 1 
97 2 68 13 14 3 2 )16 21 278 182 19 5 5 
17 17 21 19 J4 45 28 
119 298 1183 167 15)8 2500 1800 
18 39 27 31 120 220 140 
11 20 15 6 158 • 450 150 .. 
salt (Avg. of 2) 20. Comendite (Sardinia: Bowden, 1972) 
ite (Avg. of 4) 21. Sub-alkaline rhyolite (Taupo, New Zealand;.jwart e t . 
salt (Avg~ of' 7) 22. Georges Pond pluton - Diorite (sample 555). 
rphyr\. tic basalt ( 1) 23 . Georges Pond pluton - Granite ( sample 641; domi nant 
tellerite (Avf' of 7)~ 24. Cordillera Central (Avg. composition) - Dominican R 
. alif.t basalt Manso'(r; 1967) 25. Sierra Nevada · ( " ) - Western U.S. 
a lk. ol. basalt (Irv r.e & Baragar,· 
1971) 
e (Irvine & Baragar, 1971) 
I i te ( Pantelleria; Bowden, 1972) 
~ . 
of more recent igneous rocks of known magmatic and tectonic affinity. 
1 16 17 18 19 20 21 22 2J 24 25 
- 7).28 47.1 45.4 55.85 69.81 75.31 74.22 64.71 71 .47 62.4 68.4 Si Oz l. 
2 O.J5 2.2 ' 3. 0 1.80 0.45 0.21 0.28 0.70 0. 24 0.5 0.4 TiOz 
7 9.20 15 .7 14 .7 18.98 8.59 10.43 l J, 27 15.82 14.52 15.1 15 .3 AlOOJ 
2 2.42 ?.8 9.2 ).11 5.76 0.80 0.92 2 .53 0.94 Fe 
3 4.85 ).4 4.1 2.59 2.28 3.22 0.88 1. 83 0. 85 5.6 (T) 3.0(T) ~t3 
4 0,14 0.16 0.2 0.12 0.28 0.09 0. 05 0 .14 0. 09 0,1 0 . 1 
) C,20 ?.1 ? .8 2.04 0.10 .. 0.10 0.28 1.41 0. 50 2.7 1.2 MgO 
9 1. )8 10.1 10.5 4.51 0.42 0.13 1.59 2.98 1. 62 6.5 3.2 CaO 
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Harker (1909) plots (Fig. 6.6) include analyses for 
Unit la and the Georges Pond pluton and for most elements 
there are re lat ive ly narrow well d'efJ.ned trends. The 
\....) 
scatter on a number of plots is thought to be due largely 
to secondary altera~ion although Loss on Ignition is not 
conspicuously high in these rocks. Predictably, there is 
an inverse relationship ~etween the concentrations of 
Si02 and all other major element oxides (espec ially FeO(T)• 
MgD and CaO) except the alkalies which show a positive 
correlation. Compared to other volcanic sequences in the 
area, the alkalies show relatively litt le scatter and the 
rhyolites are relatively sadie. The basalts are marked by 
relatively high Al2o3 and Si02 and they are invarjably 
hypersthene and/or quartz normative. 
Trace elements: As with major element o~ides, trace 
element concentrat i on s (eg. Ba, Rb, Sr, and Zr ) i n thecre·-) 
volcanic rocks are similar to those in sub-alkali ne volc~ic 
rocks extruded upon continental crust (Table 5) • . 
Harker (1999) variation diagrams (Fig. 6.?) show 
negat ive correlations between Si02 and Cr, Ni 1 V 1 Sr, Cu1 
• Zn, and Ga and posit ive correlations with Zr, Y, Nb, Rb, Ba, 
and Pb. Chromium, nickel, and vanadium appear to behave 
similarly and correlate with Mg and Fe (Taylor, 1965 ). Even 
in the most basic rocks, chromi um and nickel concentrations 
only locally exceed 200 and 125 ppm respectively. There ~s 
considerable scatter for strontium and barium a nd to a 
lesser degr ee for lead and rubidium i n the rhyol i tes. This 
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is prob~bly reA ted to the known geochemical affinity 
of these clements to calcium and the alkalies (Taylor, 
1965) which appear to have been somewhat mobile. Zinc 
and copper show only limited scatter while gallium, 
zircpnium, yttrium, and nio~ium all show narrow very well 
defined trends, supporting the i dea that these elements 
are not afYected by secondary alteration. 
Discriminant diagrams: Under a variety of conditions 
MgO, FeO(T) and Al20J are relatively resistant to 
metasomatism (Carmicheal, 1969; Winchester and Floyd, 1976). 
Pearce, Gorman and Birkett (1977), using t hese three oxides, 
prepared a ternary plot for rocks ranging from 50 to 60% 
silica in which the fields for a number of tectonic 
environments were defined by a large number of data points. 
I 
Most rocks of Un i ts 6 and Jb do not have suitable silica 
contents and form a broad scatter. However, m~fic and 
intermediate rocks of Unit la are suitable and concentrate 
in the orogenic field suggesting calcalkaline affinities 
(Fig. 6,8). 
Recently, a number of plots employing relatively 
"immobile" elements (eg. Zr, Y, Nb, Ti, and P) have been 
used to dirferentiat e alkaline from tholeiitic or subalkaline 
basalts (Floyd and Winchester, 1975; Winchester and Floyd, 
1976). Two of these, P2o5 versus Zr (Fig. 6.9) and Ti02 
versus Zr/P2o5 (Fig. 6.10), illustrate the clearly 
subalkaline nature of the basalts _of Unit la. Winchester 
and Floyd ( 1977) produced a suite of b i nary plots wh ich 
• 
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use Si02 and "immobile" element ratios to distinguish 
rock types in altered terrains. In their Si02 - Zr/Ti02 
(Fig. 6.11) plot, basalts of Unit 1a straddle the boundary 
between subalkaline 'and alkaline basalts and the intermediate 
and acid rocks plot in the andesite and dacite-rhyolite fields 
respectively. Lastly, Pearce and Gale (1978) defined 
overlapping orogenic and non-orogenic fields on a Nb/SiOz 
plot (Fig. 6.12). Most analyses of Unit 1a and of the 
Georges Pond pluton lie within the "i9land arc volcanic" 
field. Hence, both the major and trace element geochemical 
data appear to indicate a calcalkaline affinity for the 
White Point Formation. 
6.4 Musgravetown Group 
· Analyses for volcanic rocks from the Cannings Cove 
and Charlottetown Formations are included with those from 
the Clade Sound Formation JUnit 6) in this section. 
There are a number of similarities between the chemistry 
and petrography of Unit 6 and Unit Jb and therefore they 
are included on the histogram (Fig. 6 .lJ). 'Rocks of Unit 6 
' 
are distinctiy bimodal (Fig. 6,1J) with a silica gap from 
52.90 to 72.68% (anhydrous); one highly porphyritic basalt 
contains 56.01~ Si02. In Unit 6 basic and acid rocks are 
- '· commonly intercalated and the silica or Daly gap appears 
r~al and is not a function of sampling bias. 
Major elemen.ts: The average composition of the basalts 
compares roughly with that of mildly alkaline basalts in 
>. 
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other regions while the silicic rocks do not resemble. _ ~n~lllal" 
or subalkaline rhyolite (Table 5). They have high ir"JJ..pw 
-1: .• 
alumina and anomalous trace element. concentrations similar 
to pantellerites (highly peralkaline rhyolite). 
Harker plots (6.14) of Si02 versus the major elements 
tend to show more scatter than for the White Point Formation, 
and this probably reflects the sub-greenschist alteration. 
However, the scatter in the case of some relatively "immobile" 
elements (eg. Ti02 ) could be due to primary variations or a 
lack of geochemical coherence with Si02• Also, Loss on 
Ignition is relatively high for both the mafic and the 
silicic rocks. Elemental ·trends (versus Si02) are somewhat \~ 
similar to those of the White Point Formation. However, 
the levels of concentrations for many elements are 
significantly different. For example, compared to Unit la, 
.. 
Jl!usgravetown basalts tend to have lower S i02, Al2o3, CaO, 
and aside from the olivine basalts lower MgO. The basalts 
also have slightly higher- FeO(T)• higher P205, MnO, Ti02 , 
variable but higher K2o and Na2o, and they range from 
hypersthene- to nepheline-normative.•The "pantellerites" of 
the Musgrave town Group .have significantly lower AlzO) ( 7. 37 
to 11.0~) and high_er Fe0(T)(4.25 to 9.60%) than any 
other silicic rocks in the map area. They also have variable 
GaO, higher MnO and lower P2o5 and Na2o than the other 
~ silicic rocks. 
The identification of "pantellerites" is based on 
comparisons with rocks in other regions (Table .5), "immobile" 
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element plots to be presented later, and on the basis of 
the A12 03 versus FeO (T) dia gram (Fig. 6 .15) of Mac donald 
( 1974) which distinguishes comendi tes and pantelleri tes. 
Noble ( 1970a) considered iron to be, in general, relat i vely 
immobile in peralkaline rocks and he defined the field of 
peralkaline (comend i te-pantelierite) oversaturated, non-
hydrated obsidians on a Na20-FeO(T) plot (Fig. 6.16). 
This diagram indicates that the pantellerites in question 
were affected by secondary lo.ss of at least 2. 5 to &f. 
Na2o or up to 95% of the soda c ontent in some samples 
(eg. J55). This appears to explain the fact that these 
"pantelleri tes" are not peralkalirie according to their 
agpaitic indices ( i. e. molecu·lar Na20 + K20/Al20J) and the 
relatively low soda levels compared with other silicic rocks 
in the study area. 
Trace elementsz Trace element patterns for these rocks 
are quite dist i nctive, and separate them from all other 
rocks in the map area. There is a negat ive 'correlation 
between Si02 and Cr, V, Cu, Ni and Sr and a positive 
correlation with Rb (Fig. 6.1?). Sr, Ba and ~b show 
considerable scatter probably related to Ca and alkali 
mobilization, Nb, Y, and Zr to a smaller degree are 
enr i ched in basalts of Unit ·6 r e lative to Un i t 1a. Howe v er , 
the most stri king pattern is the Ni concentration (up to 
65 ppm), the variable but commonly ext reme enrichment 
in Ga , Zr, Y, Nb and t he d epleti on in Ba ( as l aw. as 4 pp m) 
i n the pante llerites. Aside from the nicke l enrichment , 
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these trace element patterns are typical of peralkaline 
volcanic rocks (e spec ially pantellerites) throughout the 
world (eg. Nob l e, 1965a ; Ewart et.al., 1968; Gibson, 1970; 
Weaver et.al., 1972; Baker and Herrage, 1977). 
Discriminant Qiagrams: Basalts of the Musgravetown 
Group appear to straddle the boundary between the alkaline 
and subalkaline or tholeiitic fields on the P 2o5 versus 
Zr (Fig. 6.18) and Tio2 versus Zr/P2o5 (Fig. 6.19) plots of 
Winchester and Floyd (1976), On Winchester and Floyd's 
(1977) diagram of Si02 versus Zr/TiOz (Fig. 6.20), the 
basic rocks lie exclusively in the alkali basalt field and 
the siiicic lavas occur, predictably, within the comendite-
pantellerite field·. Further, the common o~currence of modal 
iddingsitized olivine bo t h in the groundmass and as 
phenocrysts in these basalts suggests alkaline affinities. 
Indeed, alkalic to transitional basaltic rocks are 
typically associated with peralkaline silicic volcanic 
rocks (eg. Gass and Mallick, 1968; Barberi et.al., 1975). 
Barberi et.~l. (1975) also note that basalts associated with 
the more peralkaline ~antellerites are more alkalic than those 
associated in other areas with the less peralkaline comendites. 
This association (i.e. alkalic to transitional basalts and 
peralkaline rhyolite) may be equated with the Coombs trend 
of Miyashiro (1978). 
On the Nb-Sio2 plot of Pearce and Gale (1978) (Fig. 6.21) 
the basalts cluster in the field of overlap between the 
orogenic and non-orogenic zones. However, the pante lleri tes 
- 225 -
2.2 Clade Sd. Fm. -
S\·J River Fm. 
Alkaline 
1.6 
Wgt.% 
Pzos 
0 
0 
Alkaline 
lrJgt.% 
Ti02 
Tholeiitic 
ppm Zr 1000 
Tholeiitic 
0 
0 
0 
0 
0 
.10 . 20 
Fig. ··6.18- P205- Zr plot 
for basalts of 
Clade S.d., Fm. & 
SW RlVer Fm. ; ( 
after Winchester 
& Floyd 0976) 
Fig. 6.19 
Zr/P2o5 
- TiOrZr/P20c; plot for ba~alts 
of Clode'Sd. Fm. 
& SW River Fm.: 
after Winchester 
& Floyd ( 1976). 
68 
48 
Rhyodacite 
Dacite 
Andesite 
Sub-alk. 
basalt 
Rhyolite 
basalt 
o Comend i te-
o Pantelle-
0 
0 rite 
Trachyte 
Phonolite 
40 ~----------~----------._----------~ 
Fig. 6.20 
0.01 0.1 1 
log Zr/Ti02, 
- Si02 -log Zr;Ti02 diagram for Clode Sd. Fm. and SW River Fm. 
()b). Various fields after 
Winchester & Floyd ( 1977). 
Clode Sd. Fm. - o 
SW River Fm. - T 
J 
' 
\ 
1000 
100 
log Nb 
ppm 
10 0 
.o 
0 
0 
r 
"within plate" 
0 
"island arc volcanic" 
0 
a 
D 
0 
a 
0 
I 11~----~----~----~----~~--~~~~~----~--~~ ~ 50 60 70 80 
Fig, 6.21 -
Wgt .% Si02 
log Nb - Si02 diagram for SW River Fm. (Jb). Fields 
Gale ( 1978). 
Clode Sd. Fm. - o 
SW River Frn. (Jb) - T 
Clode Sd. Fm. and 
after Pearce and 
' 
---··-· ......... 
- 227 -
fall well with i n the non-orogenic or within-plate field. 
This contrasts sharply with the apparently "island arc" 
nature of the White Point Formation. 
From the above, it appears that volcanism within the 
Musgravetown Group was of a highly alkalic nature in contrast 
to the subalkaline g·eochemistry of the White Point 
Formation. 
6.5 Southwest River Formation (Jb) 
Geochemical data are limited to six s~mples (2 basalts 
and 4 rhyolites) from this unit and the discussion will 
therefore be brief. 
This unit is bimodal in the same sense as Unit 6 (Fig. 
6.1)) and many of the patterns of distribution of the 
elements are similar to those in Unit 6. Both petrographically 
and chemically, basalts of Unit Jb are similar to those of 
the Musgravetown Group (see Figs. 6.4, 6,14, 6.17 to 6.21) 
showing similar contrasts with basalts of Unit la. However, 
the rhyolites do not show any peralkaline tendencies (eg. 
enrichment in "residual" elements Zr, Y, Ga) and in that 
sense are similar to silicic rocks of Unit la. The rhyolites 
of Unit Jb have Rb and K20.levels somewhat similar to the 
pantelleri tes 1 they are less sodic, in general, than 
rhyolites of Unit la but more sodic than the pantelleri~es. 
In Fig. 6. 21 it is clear that N.b levels are consistently 
higher in Unit Jb than in Unit la and the former suite of 
analyses lies in the area of overlap of the "island arc" 
• 
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and "within plate" fields, The similarity· of the basalts 
to mafic volcanic rocks in Unit 6 suggest that Unit )b may 
be at least mildly alkaline in nature althou&h on the basis 
of present data its t:et:rogenetic relation to other igne~us 
units in the map area i~ difficult to establish with any 
certainty. Noble (1968) described the continuum of 
compositions from pante l?<eri te to comendi te to "normal" or 
subalkaline rhyolite and ~ it is possible that such a genetic 
link exists between Unit ~b and the Musgravetown Group, 
6.6 Georges Pond pluton 
This intrusion is composite in nature; it ranges from 
gabbro to granophyre but is composed largely of granitic 
and lesser dioritic rocks (Fig, 6.5). Relatively fresh 
biotite-olivine gabbro (eg. 629C) occurring locally may 
not be related to this intrusion but is included here for 
completeness. 
The. sampling of this pluton was not weighted in favour 
of the dominant phase, granite (Streckiesen, 1967), Only 
representative samples of each distinct phase were analyzed. 
Selected representative analyse$ of this pluton are compared 
\ 
with the average ·composition of calcalkaline batholiths 
. \ 
elsewhere (Table 5); the Georges Pond pluton appears most 
similar to plutons emplaced in continental crust. 
The alkalies may have undergo~e only limited alteration 
since they show only mi nimal scatter on F~g. 6,) UAlk versus 
100 K20/~Alk). The proportion of K20 to Na20 vary somewhat, 
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but overall their concentrations are roughly equal. Loss on 
Ignition is less than 2% in all rock types. 
In general, the relation of both major and trace elements 
to Si02 (Figs. 6.6 and 6.?) is very similar to that for the 
White Point Formation, ~nd for most elements the trends are 
narrow and well defined. The pluton tends to have slight ... y 
lower P2o5 and Ti02 than Unit la. Both Rb and Ba show some 
scatter, and higher Rb levels in the granite are probably 
related to its higher potash content compared to .the tlhi te 
Point Formation, The intrusion plots in the dacite -rhyolite 
fields on the Sio2 versus Zr/Ti02 diagram (Fig, 6,1.1) of 
Winchester and Floyd (1977} and all phases occur solely in 
the "island arc" field with Unit 1a on the Nb-Si02 plot of 
Pearce and Gale {1978), These data suggest to the author 
that the Georges Pond granite is calcalkaline in nature and 
related magmatically to the White Point Formation. The 
Georges Pond pluton is texturally a:nd compositionally 
similar to the Swift Current granite which O'Driscoll (19?3) 
has interpreted to be calcalkaline on the basis of major 
element chemistry. 
6.?Dykes 
A total of 16 dykes ~ere analyzed, 14 mafic and 2 
silicic. All but two of these occur in the Love Cove Group. 
Sample 616 was taken from a dyke in the Connecting Point 
Group east of Bread Cove and sample 625 is from a minor 
fault block of Connecting Point like rock on the south 
J 
.... 
2)0 
shore of C lode Sound (Fig, 1), No samples of the highly 
porphyritic (Devonian?) dyk~s of the WNW-ESE swarm (sec. 
).6.1.2) were analysed. Sample 616 from the dyke swarm 
east ~f Bread Gave appears somewhat similar to basalts of 
the Musgravetown Group with low Si02 and high MgO (Fig·, 6.22), 
high Cr and Ni (Fig. 6,2J). and high Nb (Fig~, 6.23 and 6.26), 
.. 
However, more geochemical and petrographic work i 's required 
to confirm a genetic relation between those dykes and the 
Musgravetown Group. 
In general, the composition of most dykes sampled in 
the map area does not appear indicative of their location 
or orientation (i.e. WNW-ESE versus N-S swarm). All mafic 
dykes analysed are hypersthene-normative (with corrected 
Fe20yFeO) and .·all lie in the subalkaline field in the 
~Alk -S i02 plot (Fig. 6. 4). Their S i02 content ranges from 
.41.14 to 56.47% (anhydrous). The silicic dykes are rhyolitic 
in composition (Fig. 6.1J), 
Major elements: Compared to the various volcanic units 
in the study area the mafic dykes appear to have variable 
chemical tendencies. Harker major and trace element plots 
(Figs. 6,22 and 6.23~ show that aside from plagioclase-
phyric samples, the. dykes have similar A12o3 contents as 
basalts of Unit 6. The major element chemistry of the two 
silicic dykes which were collected from the western port ion 
of the field area i s s i milar to that of Unit Jb or la • 
Discriminant diagrams1 The mafic dykes lie largely in 
the subalkaline field on the P2os-Zr . and .Ti02-zr/P2o5 pl o t s 
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(Figs. 6.24 and 6.25) of Winchester and Floyd (1976) and 
they straddle both the subalkaline and alkaline fields on 
the Si02-Zr/TiD 2 diagram (Fig. 6.26) (Winchester and Fl oyd, 
1977). However, both the mafic and silicic dykes tend to 
occur, along with basalts of Units Jb and 6, in the area 
of overlap between the :·island arc" and "within plate" 
fields on the Nb-Si02 diagram (Fig. 6.27) (Pearce and Gale, 
1978). 
The dykes intruding the Love Cove Group appear subalkaline 
in nature although their relation to the vole an ic units in 
the area is generally not clear . 
6,8 Conclusions 
1. The effects of the alteration are most obvious in 
the lower-grade rocks in the map area and much of the major 
element chemis~ in particular the alkalies, is of limited 
use in comparing and contrasting the various volcanic 
sequences. However, the relat ively immobile major and trace 
elements can be used to dist-inguish between rocks of 
apparently differing magmatic affinities. 
2. At least 2 - (White Point Formation and Georges Pond 
· ~: . 
pluton :and the Musgravetown Group) and possibly 3 distinct 
su-ites of igneous roclts occur in the map area. This is 
_supported by the s~ation on the log Nb-log Zr plot 
(Fig. 6.28), 
3, The Georges Pond pluton appears to he genet i cally re-
lated to the \•lhi te Point Formation vo1canic rocks and it is 
j 
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suggested t'hat both are calcalkaline in nature. Certainly 
it appears clear that they are · subalkaline in character. 
The high proportion of silicic rocks suggests these rocks 
were emplaced within and upon continental crust. 
4. The petrochemical affinity of the. Southwest River 
Formation ( 3b) volcanic rocks and their relation to other 
igneous units in the study area is not clear. Comparisons 
with the Musgravetown Group rocks suggest that Unit 3b may 
be mildly alkaline. 
5. Volcanic rocks of the Musgravetown Group are 
markedly bimodal with respect to Sio2 content and clearly 
distinct from the White Point Formation. The acidi~ rocks 
are strongly peralkaline in nature, and their original 
alkali contents (especially Na 20) have bee n strongly leached. 
The associated basalts are transitional and/ or alkalic in 
nature. This appears to be the first report of peralkaline 
igneous activity of Late Precambrian age in the Avalon Zone. 
6. In general, the younger volcanic sequence(s) (e.g. 
Musgravetown Group) are more alkalic in nature than the o l der 
rocks (e.g. White Point Formation l in the map area. This 
trend appears similar to that observed on the Burin Peninsula 
(S,J . O'Brien, pers. conun., 1979). 
7. The chemistry of Onit la (Love Cove Group), and 
Unit 6 (Musgravetown Group) corresponds closely to that found 
for those units to the north (Dal Bello, 1977). 
J 
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CHAPTER 7 
• 
DISCUSSION 
This chapter is divided into three sections wh i ch 
include d i scussions of the clasts of sericite s chists in 
the Canni~gs Cove Formation, regional correlations, and t he 
significance of petrochemistry to the i nterpretation of 
the geology. 
7.1 Clasts of sericite schist in the Cannings Cove Formation 
In the past, one o{ the major problems in the area has 
been the stratigraphic and structural relationship between 
the Love Cove ~nd Connecting Point Groups and t he Love Cove 
and Musgravetown Groups. As mentioned in sec. 3.5.6, the 
interpretation of the relationship between the Love Cove 
and Musgravatown Groups is based in part on the occurrence 
of pebbles of sericite schist in conglomerates of the Cannings 
Cove Formation. 
Jenness (1963~ first described the clasts o f sericite 
schist at a locality west of Bread Cove and us.ed that detritus 
along with other data to infe r that the Musgravetown Group was 
' . 
post-tecton i c (and unconformable) upon the Love Cove Group. 
Dal Bello (1977) concurred with this interpretation. 
However, Younce (1970, p. 133) interpreted the schistose 
detritus i n t he Cannings Cove Formatiori to b e "erode d 
contact metamorphic deposits of e arlie r Bull Arm ac i d i c 
j 
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volcanics". 
The occurrence ·of these pebbles and their interpretation 
have attained regional significance in recent years ( eg. 
Blackwood, 1976, 1977, 1978; Blac~~ood and Kennedy, 1976). 
Therefore, a number of points and questions require 
consideration in order to evaluate these contrasted op_inions. 
These are: 
1. the foliated clasts comprise up to 5~ of some 
outcrops of the Cannings Cove Formation; and· were seen 
both west of Bread Cove and in the Milner's Cove area and 
in much diminished proportion in conglomerates of the 
Charlottetown Formation. Hence, either the~e clasts have 
been partially reworked or their source was exposed and 
available to supply such detritus throughout the 
depositional history of th~ Musgravetown Group (as defined 
here). 
2. the proximal nature of the Cannings Cove Formation 
conglomerates suggests local derivation of the detritus. 
J. i~ediately west of Bread Cove, adjacent to 
outcrops o:f the Cannings Cove Formation, an outcrop of 
Connecting Point Group metasediment shows a fine-grained 
penetrative sericitic fabric. Such a foliation is not 
commonly seen in the Connecting Point Group and could be 
related to faulting. A portion of the deformed detritus 
can be attributed to this source. It should. also be noted 
that ma fic dykes apparently related to overlying volcani c 
rocks post - date the foliation in the Connecting Point Group 
... 
J 
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'Plate LXIX: Photomicrograph of clast of sericite schist 
(meta-silicic tuff) in CaQnings Cove 
Formation. Note penetra~ive foliation; x-nicols, 
x12.5. · 
- 241 -
(P l a t e XXXI). 
4. much of the foliat ed detritus does however closely 
resemble rocks typical of the Love Cove Group, i.e. fine 
grained deformed silicic crystal tuffs (compare Plates 
LX I, LXII and LXIX). 
5· one small grain of sericite schist was found in 
red-beds of' the Southwest River Formation which are 
conformable or disconformable upon schistose volcanic rocks 
of the White Point Formation. 
6. Blackwood (1976) reported not on!y greenschist 
fragments but also deformed garnetiferous granite and 
schistose granite from the Bread Cove locality. Foliated 
leucogranite and garnet-bearing schist areveported here 
, n~ 
(see sec. ) • 5. 2. 2) . The only presently outcropping sourc;'"D 
for this detritus lies to the west and northwest in the 
Gander Zone (Williams et.al., 1974) • . In that area; locally 
garnet i ferous leucogranites have been overprinted by a 
L 
steep foliation which has been correlated with mylonite 
development on the Dover Fault and the steep fabric of the 
Love Cove Group (Blackwood, 1976; Blackwood and Kennedy, 
1976). 
7. finally, field evidence cited in sees. ).).).2 and 
J . J.J.6 clearly sug~ests that the redefined Love Cove Group 
is essentially conformable up into Eocambrian or Cambrian 
strata exposed on Locker's Flat and a.dj acent islands in 
northern Bonavista Bay. This assumes that there are no 
. .( 
signi fical')t breaks as indicate d by 'Jenness ( 1963), in t he 
J 
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belt of red sediment ary rocks extending from the head of 
Cl ade Sound ·to Locker's Flat Island. Further, the Ackley 
batholith, dated at J45 ~ 5 Ma (Bell et.al., 1977) post-
dates the-regional foliation of the love Cove Group (Hussey, 
1978a). Therefore the present author suggests that the 
regional deformation of the Love Cove Group was a post-
Cambrian, p~e-Ackley batholith (Acadian?) event (see 
Appendix 5). 
The MusgravetQWn Group on Clade Sound and in its 
type . area is thought to be late Precambrian on the basis 
of close lithostratigraphic similarities to sequences to 
the sout h which are demonstrably conformable or disconforrnable 
up into Cambrian strata (Hayes, 1948; C~istie, 1950; 
Jenness, 1963; Younce, 1970). Therefore Jenness (1963 ) 
interpreted the deformed detritus in the basal Musgravetown 
conglomerates as indicating Precambrian de format" ion of the 
Love Cove Group. ·However, the evidence cited above suggests 
a Palaeozoic age f or the regional deformation (F1 ) of the 
Love Cove Group. On the assumption that the clasts of 
sericite schist in the Ca.nnip~·s Cove Formation were deri ved 
from the Love Cove Group (it is the only presently outcropping 
lithologically ~imilar source), this conflict is difficult 
to resolve without questioning the depositional age of the 
Musgravetown Group on Clode Sound and in its type area. The 
volcanic rocks of the Clade Sound Formation are distinct f r om 
sub-alkaline volcanic rocks in the Southwest River Formation 
and i n the Bull Arm Formation (Malp.as, 1971) i n that they 
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appear to be peralkaline. However, in regional stratigraphic 
arguments it may not be valid to base such a distinction 
solely on chemical grounds, since associations of subalkaline 
., 
. 
or alkaline and peralkaline rhyolites have been reported from 
a number of regions (Macdonald, 1974). 
Assuming ·the Musgravetown Group east of Charlottetown is 
late Precambrian in age, then ·the unconformity at its base 
and the steep cleavage in the Connecting Point Group beneath 
it do record an "Avalonian" event in the sense of Hughes 
. I 
(1970). It is not clear how this relates to the apparently 
Palaeozoic deformation (F 1) of the Love Cove Group . Either, 
as Younce (1970 ) suggested, the Connecting Point Group is the 
oldest unit in the region and was deformed prior to deposition 
of other rocks in the map area, or it is possible that an early 
foliation in the Love Cove Group has been masked by Palaeozoic 
structures. Also the clasts of sericite schist in the Cannings 
Cave Formation could be derived from a source not presently 
exposed. At present there is no evidence for either explan-
ation. Detailed mapping of the Connecting Point Group and 
its contacts may help to solve this problem. 
7.2 Regional Correlations 
In regional stratigraphic terms (see Chapter 2), the 
Love Cove Group is on strike, contiguous with and apparently 
-. :_ _ _ .:_~alent to volc~nic and sedimentary rocks on the Burin 
Peninsula which are disconformably overlain by Eocambrian-
' 
.j 
.· 
.. 
1 
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Cambrian strata. In detail (see Table 1), this would equate 
the White Point Formation and the Harystown Group of 
Taylor (1977), (Taylors Bay Formation of O'Brien, pers. 
comm., 1979), the Thorburn Lake Formation and the Garnish 
Formation (O'Brien, pers. comm., 1979) ; the Southwest River 
pormation ()b) and the Mortier Bay Group of Taylor (1977) 
or Calmer Formation of O'Brien (pers. comm., 1979) and Unit 
)a and the Rencontre Formation (O'Brien et.al., 1977). The 
Musgravetown Group of the present map area could be 
equivalent to the Hare Hills Forma~ion, the Grand Beach 
Complex, the Barasway Complex and t he Mt. St. Anne Formation 
of the southern Burin Peninsula (O'Brien, pers. comm., 1979), 
This dominantly subaerial terrain is faulted on the east 
against thick marine sequences included in the Burin, Rock 
Harbour, Musgravetown and Connecting Point Groups (Jenness, 
1963: Anderson~ 1965: Strong et.al., 1976: O'Driscoll, 1978). 
These ma~ine strata include deep marine sedimentary and 
pillowed mafic volcanic rocks (eg, Strong et.al., 19?6). 
0 'Driscol.i ( 197~) ·. describe~ mafic volcanic rocks underlying 
a thick marine sequence apparently conformably overlain by 
red fluviat.il'e sedimentary rocks and Eocambrian-Cambrian 
strata in western Placentia Bay and by a basalt-rhyolite 
sequence (equivalent to Southwest River Formation (Jb) or' 
Mortier Bay Group?) in central Placenti~ Bay (O'Driscoll 
and Muggeridge, 19?8), These relationship~ suggest 
• to the present author that subaerial dominantly 
silicic volcanism, of possibly ~ariable petrochemical 
.J 
0 
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affinity, was accompanied by deep marine sedimentation and 
tholeiitic (Taylor, 1977) mafic volcanism in an adjoining 
elongate basin (see Fig. 2.1). On this basis, the ~Vhi te Point 
Formation and at least Unit 2b o! the Thorburn Lake Formation 
are thought to be equivalent to the Connecting Point Group 
in the present map area. These rocks are overlain with 
variable contact relationships by fluviatile sedimentary 
and subaerial volcanic +ocks of different (more alkaline) 
chemistry {eg. Southwest River Formation and Musgravetown 
Group) than the earlier volcanic rocks. 
A major fault system has juxtaposed the subaerial 
volcanic terrain and the thick marine sequences. This 
system includes the Cottels Island - Charlottetown Fault 
in Bonavista Bay (Jenness, 1963; Younce, 1970), Younce 
(1970) thought this fault to have a significant strike-
slip component. Numeroys late Precambrian and Cambrian 
grabens or basins are localized along this fault system 
throughout its length (An~erson, 1965; Williams, 1967). 
These · faults have apparently be·en reactivated in post-
Cambrian times. 
Lastly, it should be noted that the redefinition of 
the Love Cove and Musgravetown Groups in this thesis is 
... , 
tentative and subject to revision pending further detailed 
work in the Bona vista Ba/;'1-ea. 
7.3 Significance of Petrochemistry 
The condition of the crust throughout late Precambrian 
. 
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tirnes in : the.Avalon Zone is debatable. Most volcanic units 
yet studied in the Avalon Zone, aside from the White Point 
Formation (and the Taylors Bay Formation; O'Brien, pers. 
comm., 1979), appear distinctly bimodal in nature. However, 
.../) 
on the basis of major and/or trace element studies these 
'·~· 
rocks have been interpreted to be either calcalkaline (eg. 
Malpas, 1971; O'Driscol:, 1977) or mildly alkaline (Papezik, 
1970: Nixon, 1975: Strong et.al., 1978a). Also, some of 
the Precambrian granites have been interpreted to be 
.. calcalkaline (eg. Strong and Minatidis, 1975). The White 
Point Fo~mation is here interpreted -to be calcalkaline 
, 
although Strong et.al. (1978a) described its ·apparent 
corr~lative, the Marystown Group, as bimodal and mildly 
alkaline.~ Nobl,e et.al. (1965 ) described a close association 
in. space and t i me of alkalic, calcalkalic and calcic 
volcanism in the Basi~ and Range province of the southwestern 
United States. This suggests perhaps that in such terrains, 
variations in the chemistry of volcanic rocks cannot be 
taken as a diagnostic indicator of significant alterations 
of the preva iling tectonic patterns. Inde ed, it is questionable 
whether the co~cepts of igneous petrochemistry developed in 
areas of well- defined tectonic patterns can be meaningfully 
(or at least rigidly) app l ied to such broad, relatively 
non- linear, dominantly si l icic volcani c terr.a~~s as the 
Avalon Zone or the Tertiary of the American southwest. 
Despite these a rgtiments, it does appear tha t crust al 
. . 
ex·tens'ion-, ruptur i ng , and assoc iated oceani c magma tism 
.. 
' • 
J 
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(Burin Group) and sedimentation occurred in the southwestern 
Avalon Zone (Taylor, 1977; Strong et. al., 1978a). The belt 
of marine sedimentary and volcan~c rocks in the southwestern 
Avalon Zone extends to the north and includes the Connecting 
Point Group (see Fig 2.1). However, ~n contrast to the 
"sequential interpretation" of Strong et.al. ( 19?8a) the ; 
develop)lle:·.i of this elongate north/ trending . oceanic domain 
which completely traverses the Avalon Zone,. may have been, 
at least in part, contemporaneous with the subaerial silicic 
. 
volcanism and associated plutonism. The late history of this 
terrain was marked by significant uplift of the basin or 
oceanic domain and possibly also of the subaerial terrain. 
This uplift is shown by the deposition of red fluviatile 
sedimentary rocks and in places bimodal (locally_peralkaline?) 
volcanic sequences ( eg'~l Mortier Bay Group, Mooring Cove 
~-
Formation, Southwest River Formation, Rencontre Formation, 
Musgravetown Group of the present map area?) which 
disconformably or unconformably overlie the older rocks. 
Prior to this uplift marine (?) sedimentation (Thorburn· 
Lake Formation, Andersons C,ove Formation) overlapped the. 
subaerial terrain. The .whole region was eventually the site 
of shallow water marine Eocambrian-Cambrian sedimentation 
and minor mafic volcanism. 
J 
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CHAPTER 8 
_ CONC LUOING STATEMENTS 
1, The map area is underlain by late Precambrian 
rocks disposed in three fault-bounded 1 north-trending 
structural zones.· The redefined Love Cove Group occupies 
'l 
_the central and western zones which comprisJe mo.st of the 
field area. The Connecting Point Group.and Musgravetown 
Group occur in the eas.t. 
2. The lithostratigraphy in the field area is 
complicated by facies variation's typical of much of the 
Avalon Zone stratigraphy. 
J. The Love Cove Group is composed of three formations; 
the White Point Formation, t~e Thorburn Lake Formation, and 
tte Southwest River Formation. Portions of some of these 
formations are facies equivalents of others. 
The White Point Formation is a domin~tly pyroclasti c 
sil i cic volcanic pi~e intruded by a comagmatic pluton (the 
Georges Pond pluton) (see Appendix 5). Diamictites are 
l~cally developed. 
The Thorburn Lake Formation includes . tuffaceous--
greywackes, sandstone, siltstone, tuff, and some . lava. These 
rocks were deposited in subaerial and in_part subaqueous 
envir onments. Un i t 2b of this . formation is in part equivalent 
to the White ~o int Formation while Unit 2a is a part ial 
' facies equivalent of portions of the Southwest River Forma~ion • 
• 
,j 
I 
The Southwest River Formation is comprised of a 
subaerial bimodal volcanic sequence ( Jb) associated with 
fluviatile sedimentary rocks ( Ja). 
4. The Connecting Point Group is undivided. It. is a 
thick marine sequence which could be equivalent to the 
White Point Formation and the Thorburn Lake Formation ( 2b) 
( ~ee Appen<J.ix .5). It is qverlain unconformably by the· 
~ 
Musgravet~wn Group. 
I 
5. Tije Musgravetown Group consists of fluviatile 
sedimenta~y rocks (in part alluvial fan deposits) and a 
thick sub~erial basalt-rhyolite volcanic sequence similar 
li thologi1a;lly to(~the Southwest River Formation. Both 
sequences represent graben fill. 
6. The Charlottetown Formation (7) and the Southwest 
River ·Formation (Ja) are similar to "Middle Assembl age" 
rocks whfle all other rocks in the map area are lithologically 
similar to "Lower Assemblage" strata found elsewhere in 
the A val on Zone. 
7. The Georges Pond pluton is magrnatically related 
to the volcanic rocks it intrudes and therefore is considered 
late Precambrian in age. It is equivalent to similar plutons 
.( eg. Swi:ft Current granite, Cape Roger Mountain granite) to 
the south (see Append'.i,.x 5). 
8. Geochemically there are three suites of volcanic 
rocks in the map · area. These represent two and possibly 
three distinct voJ._canic episodes. 
·, • • ~ • . •. • - .1. ·- ..!. ..... ' . 
-. 
. , 
' 
' . 
/"'"-~~ ~ 
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The White Point Formation differs petrographically 
from other volcanic rocks in the map area. It appears, 
along w"ith the Georges Pond pluton, to have calcalkaline 
chemistry. 
Both the Southwest River Formation (3b) and the Clode 
' Sound Formation are distinctly bimodal. Basalts of either 
unit have alkaline affinities. However, rhyolites (pantel-
lerites?) of the Clode Sound Formation appear peralkaline 
in character as opposed to the subalkaline nature of Unit 3b 
rhyolites. These rocks are typj,cal of terrains dominated by 
epeirogenic uplift or doming. 
9. ~. The rocks of the field area developed upon conh-
nental crust . 
10. The ''Avalonian Orogeny" o n the western Avalon Zone 
·affected both ~he Love Cove and Connecting Point G.roups. It 
cons is ted mainly of block faulting and open folding with 
local low-grade fabric developme~. There was significant 
uplift and subaerial erosion. The unconformity at Milner'~ 
Cove may be th~ only good evidence for this event on the 
western Avalon ~one. ) 
/ 
11. The two major faults .in the map area probably 
• ~ 
originated as wrench or normal faults associated with exten-
sian and horst and graben development related to bimodal 
volcanism and fluvial sedimentat i on. These faults may also 
reflect reactivation of older underlying structures. 
12. The ijlrincipal pe~etrative deformation (Fl) of the 
Love Cove Grou~. was Palaeozoic, probably Acadian in. age (see 
Appendix 5) ::. 1~ involved tight to isoclinal_ folding at depth • 
• 
' \. . 
J 
\. ' 
.. 
• 
4 
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This may have acted to "tighten up" or thoroughly overprint 
"Avalonian" structures. Major overturned structures 
developed in the west and the upper portions of the 
section were openly folded with locally pronounced 
flattening, 
.,. 
1). Jenness' (1963) original interpretation that the 
structure in the Love Cove Group was Precambrian in age 
..r· 
was used by Blackwood (1976) and Blackwood and Kennedy 
(1976) to infer Precambrian juxtaposition of the Gander 
and Avalon ±ones along the Dover Fault. On this basis 
they developed a plate tectonic model involving l~te 
_, 
Precambrian orogenesis of the Gander and Avalon Zones. It 
is the present author's vie-w that at least the time 
sequence of this model is erroneous and appropriate 
' 
revisions are required. 
14. A metamorphism of lower-greenschist grade 
accompanied the major deformation of the Love Cove Group. 
This apparently syntectonic gTowth was overprinted by a 
static crystallization of stilp~ich could have been 
related to the emplacement of late post-kinematic plutons 
such as the Devonian Ackley batholith. However, prehnite-
pumpellyi te facies metamorahism prevaile·d in the upper 
'-
portions of the section. 
15. An integrated geological, geochemical, and 
radiometric age-dating,(eg. U/Pb) program is the key to 
Avalon Zone_ geology, 
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Appendix 2 
Preparation of Samples, Methods of Analysis 
and Precision ar.d Accuracy Data 
Attempts were made to obtain the freshest samples 
:from any given outcrop. Alteration veins and amygdules 
were avoided where possible. Samples of volcanic rocks 
were at least 1. ~ kg· in weight while samples of intrusive 
rocks were at least 3 kg. Any weathered surface on the 
~amples was either chipped of:f in the field or sawed off 
later and the resulting surfaces ground to remove saw 
marks. The samples were then thoroughly scrubbed with a 
stiff brush, broken into ' inch chips with a hammer and 
a steel plate and pulveri zed in a tungsten-carbid·e TEMA 
swing mill to -200 mesh. Before crushing, the chips were 
quartered and alternate quarters mixed and split and 
alternate quarters of that split were taken for crushing. 
One swing mill load was used for volcanic rock samples 
and three loads for the coarse grained int~usive rock 
samples. Splits of these powders were taken for analysis. 
The major e l ement oxides excluding P205 and FeO were 
analyzed f6r, using a Perkin Elmer JOJ Atomic Absorption 
spectrophotometer .• 1 grams of sample were dissolved in 
5 c.c. of cone. H.F. This was heated (in a closed container) 
for JO min. on a steam bath to effect solution and then 
di l uted with 50 c.c. of saturated b&ric ac i d and made up 
to 200 c.c. with distilled water. These rock solutions 
I 
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were compared with various dilutions of standard blends 
of both artificial and U.S.G.S. standards. For CaO and 
MgO, 10 c:c. of LazOJ solution and~- c.c. o; ~1 were 
added per 50 c.c. of rock solution to act as a ~eleasing 
agent to suppress the interference of aluminum and 
phosphorus with these determinations. Precision and 
accuracy data for the Atomic Absorption analyses are given 
in Table 6. 
Ferrous iron was determined by the titrametric 
method described by Maxwell (1968). 5 ml of ammonium 
vanadate solution was added to approximately 1.2 grams 
of sample and the resulting solution was mixed in an 
automatic shaker overnight. 10 ml. of sulphuric-phosphatic 
mixed acid was then added to the sample and the resulting 
solution mixed with 200 ml. of saturated boric acid 
solu~ion. 10 ml. of ferrous ammonium sulfate solution and 
1 ml. of barium diphenylamine sulphonate indicator was 
then added and the sample titrated with standard potassium 
dichromate solution to a grey end point. 
Pz05 was determined calorimetrically by the method 
described by Maxwell (1968, p.J94). 
Loss on Ignition ( LOI) was calculated by measuring a 
known amount of powder (approx. 0.5 g) into a porcelain 
crucible, heating at 105ooc for two hours, cooling in a 
dessicator and reweighing and expressing the difference 
in weight per cent. 
J 
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Trace elements were determined using a Phillips PW 
1450 computerized spectrometer. A standard program to 
analyze for 13 trace el~ments was used. fhe rock powders 
were pressed at 25 tons for 1 minute with 12~ 
phenolformaldehyde as a binding agent.:. The resulting discs 
were baked :for 10 minutes at 200°C. A silver X-ray tube 
and LiF ( 200,220) C¥lalyzer crystals we·re used~ Excitation 
... 
was 50 kV and 40 rnA. The results were matrix corrected 
using the Compton peak of the X-ray ·tube. Accuracy and. 
precision data for the analyses are giyen in Table 7 • 
• 
( 
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TABLE 6 
Precision and Accuracy Data 
Major element oxide determination by Atomic Absorption 
Spectrophotometry for U.S. G. S. standard rocks . 
p - published values (Abbey, 1968) 
m - mean value 
s . - standard deviation 
n - number of determinations 
Si02 Ti0 2 Al203 Fe 2o3 CaO MgO Na2o K20 
GSP-1 
(Grano- p 67.27 0.65 15.18 4.26 2.06 0.98 2.77 s.so 
diorite) 
m 68.65 0,60 14.77 4.22 1.94 0.96 2.74 5.44 
n 7 7 7 8 8 ~ 7 ·• 8 6 
B o.6o 0.08 0.22 0,07 o.o7 O,OJ 0.06 0.12 
AGV-1 
(Ande- p 58.97 1.06 17.01 6.7J 4.94 1.5) 4.26 2,86 
site) 
m 59.63 1.08 17.13 6.?0 4.78 1.47 4.06 2.88 ( 
n ) . 3 4 4 .4 4 4 ) 
8 0.90 0.11 0.2) O.JJ 0.16 0.07 0.12 0,10 
' 
r 
MnO 
0.04 
0.04 
8 I J 
0. 01 
0,10 
0,10 
4 
o.oo 
I 
•. 
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( 
Table ? 
PTeeiaion and Aeo~racy data 
'I'rlet ele .. nt detenainatioN by XRP for U. S.G . S . and tlniYeralty of 'l'oronto atandaM rooka, 
.. 111orial Unh'enity, llazth 10-20, 19?8. 
"oteo all dtteraination. in ppm 
•• •tandar(l arriation, n, . n-'ber or detenolnatlone. 
p • publ1•h•d valuea, • • .. an value 
(;-2 .. 
• 
n 
p 
v Cr " Ga Jib lr Y Zr 101 Ia Ph 
98 e 171 1 
2 1 12 ' 1) 1) 1) 1) 
1os 10 16o e 
~, 1) 2 17 8,5 24 166 477 1l 292 10 186.5 2? 
3 ) 2 1 z 1 2 7 2 ) l )0 2 
10 10 1~· 10 10 10 10 10 11 10 10 10 10 
,~ 9 6 11 8 5 2 J 110 4Bo 12 300 1 ~ 1 e.so 29 
CSP-1 m 60 1) 8' )8 102 2~ 2.52 237 2.5 11?1 21 1288 ,56 
~ g ~ ~ ~ ' ~ ~ g g 1f ~ ~ 1 ~ ~ 
p 44 1) 9 l5 98 21 2.50 2)0 )2 300 29 1)00 5) 
l!CA-1 11 1102 2.5 11 28 121 22 119 ))8 )6 188 12 ?40 18 
~ ~ ~ l ~ ~ ~ ~ ~ 1~ ~ ~ 1 ~ : 
p 1110 16 1) 19 120 23 117 ))0 )? 183 111 680 15 
AGV-1 11 1!9 12 1) ~ 8? 2) ?0 68? 22 2)) 12 121!! )7 
• 5 ) J 2 2 2 J 11 1 ) 1 2? .5 
· 1 n 10 10 10 10 10 10 10 10 11 10 10 10 10 
)\_ ________ P~--l-25----l2---1-7---6-' ___ ~ ____ z_o ___ 6_? __ 66 __ o___ 2_6 __ a_2_o ___ 1.5 __ 1_zo_o ___ '_6 ___ 
( 
~. IM'A-1 • • n 
102 
~ 
.5 
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Appendix J 
Values employed for the correction of oxidation ratios 
used in this study. 
Basalt 
Andesite Fe20yFeO 
Rhyolite Fe20yFeO 
Pantellerite Fe20yFeO 
\ 
• 
= 
= 
= 
-~ (Hughes and Hussey, 
1976r Brooks, 1976r 
Hughes and Hussey, 
in press). 
0.736 (Chayes, 1969} 
0.6)1 (MacDonald, 1974) 
0.527 (MacDonald, 1974) 
.. _ _____ , ______ __ _ ___ .. _____ _ 
' 
·:... 
·-· ....... ' \ 
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Appendix 4 
Raw major and trace element analyses (A) and 
recalculated anhydrous analyses with corrected 
Fe2o3;reo (see Appendix 3) and derive~ C.I.P.W~ 
normative compositions (B) for all stmples 
analyzed in this study. 
{- = not detected) 
Analyzed sample numbers correspond to localities 
shown on Fig. 1 
The samples were analyzed by the author at Memorial 
University, Geology Dept. in 1976 and 1977~ 
I 
I . 
- 286 - A1 
Clode Sound area, Newfoundland 
-A. Origi1tal analyses 
778A 778B 674B · 687A 689A 691 
Si02 50 • .50 50.10 48,40 48.)0 46.80 47.70 
Ti02 1 • .58 0.97 1.20 0.8) 1.12 1 , 20 
Al203 17.70 18.70 15.40 15.40 18.)0 17.70 
FeO 6.04 4.70 6.97 5.87 5.1~ 5.98 
Fe2o3 4.24 4.20 4.69 4.92 5.)7 .5.15 
MnO 0.16 0.18 0,21 0.2) 0,18 0.17 , 
MgO ·3.)9 4.24 5.44 9.J9 6.06 6.97 
CaO 8.86 10.36 8.81 10,13 9.02 8.9) -
Na2o 2.68 ' 2.95 ),40 2.28 2.90 2.76 
K20 1.11 0.78 0.45 0.69 1.18 0.45 
-P2o5 0.)6 0.2) 0.13 o.o8 0.16 0.21 
LOI 2.1.5 1.95' ).18 2.69 3.01 2.58 
• f 
98.77 99·35 98.27 99.91 99.23 99.80 j 
Rb 21 23 9 21 29 15 
Sr 579 841 393 362 491 485 
Ba 254 250 181 162 269 150 
Cu 119 90 25 22 20 73 
Pb 5 13 4 5 1 
Zn 105 82 92 141 118 95 
Cr 17 19 39 683 13J llJ 
Ni 21 50 20 214 122 96 
v 256 Zll )46 242 240 237 
Ga 21 21 21 20 20 21 
Zr 167 89 80 68 93 104 
y 26 8 14 15 17 17 
Nb 7 6 5 4 
' 8 7 
White Poirrt Formati on - Baaalts and related shallow 
int rusions , 778A - plagioclase phenocrysts, 691 
recr ystallized. 
I • 
: 
i 
' I 
... _ ,,_ ...... .--... .. , .. .. .. 
287 r Clode Sound area, Newfoundland Bl 
B. Analyses reJCalculated to 10~ anhydrous with corrected 
Fe20yFeO. 
77BA 778B 6?4B 687A 689A 691 
Si02 52.)4 51.50 - 50.99 49.28 48.76 49.17 
T ~o2 1.64 1.00 1.26 0.85 ·- 1.17 1.24 
Al2o3 18.35 19.22 16.22 15.71 19.07 18.25 
FeO 8.65 7-39 10.00 8.91 8 . ?9 9.28 
Fe 2o3 1.73 1,48 2.00 1.79 1.76 1.86 
MnO 0.1? 0.19 0.22 0.2) 0_!19 0.18 
Mg() _J. 51 4.)6 5-73 9.58 6,)1 ' 7 .19 
CaO 9.18 10.65 9.28 10 .. )4 9 . 40 - 9.20 
Na2o 2.78 J,OJ )._58 2. :n ).02 2.85 
K20 1.15 0.80 0.47 0.?0 1. 23 0.46 
Pzo5 0,)7 0.24 0.14 0.08 . 0,1? 0.22 
BaO o.OJ O,OJ 0,02 0.02 0 . 0) 0.02 
-SrO 0.07 0.10 0.05 0.04 o.o6 0.06 
Cr2o3 0.01 0.10 0.02 0,02 ' 
Zr02 0.02 0.02 0.01 0.01 0.01 0.02 j 
NiO 0.01 0,0) ' 0.02 0,01 
CIPW norms 
Q 4.)0 0.24 
Or 6.80 4.74 .80 4.16 7.27 2.74 
Ah ·~~:~~ 2_5 .68 )0.)2 19.?0 2_5.58 24.09 An )6.50 26.81 )0.)7 )4.86 )5.67 
Ne 
Lc - · , --
Cor 
Di ?.69 12._5_5 1_5,)7 16.?2 8.99 ?.2) 
Hy 16.98 15.69 11.?0 10.99 0.?? 15.)2 
Wol 
01 7.)6 1),_52 17.)4 9.)8 
Mt 2.51 2.15 2.90 2.59 2. 55 2 .69 
Il ),11 1.90 2.40 1.61 2.22 2.)5 
Hm 
Chr 0,01 0.15 0,0) o.o) 
Ap 0.8? 0.55 0.)2 0.19 0.)9 0.50 
I 
I 
I 
.. - ·--· ··- - -- ,• .......... .... ,., . .. ..,_,_ ;l•--. .. .... . .. ~ -·--· . - · 
1r 
: . 
- 288 - A2 .. 
Clode Sound area, NewfoWldland 
A. Original analyses ~ 
51 777 778C P118 79 
Si02 56.40 57.80 59.80 7J.09 7).14 
Ti02 0.96 0.85 1.17 0,)0 0.)4 
AlzO) 20.)0 15.80 15.10 1J.50 1).60 
FeO 0.48 5.49 4.60 0.59 0.51 -
Fe2o3 ).?5 2.0) ).02 1.15 1.24 
Mr\0 0.26 0.17 0.19 0.05 \ 0,10 
MgO - 2.12 4.18 J,OJ 0.56 0.)6 
CaO 7.0) 5.8) J.5J . 2. 37 0.5J 
Na2o 6,00 4.29 4.54 4.75 
4 . 85 
K20 O,JO 1.37 2.12 ).)6 2.75 
P205 0,)5 0. 21 0,41 0,04 
LOI 1.84 2.27 1.58 0.79 1.)2 
.. 
92.80 100,29 99.08 100.51 98.84 J 
Rb 11 29 37 54 6) 
Sr 852 415 426 1)9 140 
Ba .. 78 539 ?49 7)1 752 
Cu 7 72 19 1 12 
Pb 67 14 7 1) 21 
Zn 124 102 2)8 40 6) 
Cr 10 46 ) 5 5 
Ni 6 16 ) 5 4 
v 67 194 117 22 28 
Ga 18 18 18 17 18 
Zr · 10) 124 2)9 222 28) 
y 19 22 )6 26 40 
Nb 6 8 10 10 1) 
White Point Formation -Andesites, 51, ?11, 778Ct Rhyolites, 
P118, 79. 51 - mainly altered to quartz, albite, epidote 
' assemblage. 
.• ~-- · - .• ·.· ......... ... _ .. _ - ' - - •J . ·--... - ... .... - -: _. ., - -- •. -- -~---,~ 
- 289 B2 Clode ~ound area, Newfoundland 
B. Analyses recalculated to. 10~ anhydrous 
.with corrected 
Fe20yFeO. 
'_51 777 778C P118 79 
Si02 57.62 58.81 61.21 TJ.27 74. 9) . 
Ti02 0.98 0.86 . 1.20 0,)0 o.Js ~ Al2o3 20.74 16.08 15.46 1). 51' 1).9) 
FeO 2.)7 4.48 4.50 1.04 1.11 
Pe2o3 1.75 J.JO ).)2 0.65 0.70 
MnO 0.27 0.17 0.19 0.10 
MgO 2.17 4.25 ).10 • 0 • .56 O.J7 
CaO 7.18 5.9) ).61 2.)8 0 .54 
Na2o 6.1J 4.)7 4.65 4.76 4.9? 
K20 0,)1 1. 39 2.17 . J.J7 2.82 
P205 O.J6 0.21 0.42 0.04 
BaO , 0.01 0.06 0.09 0.08 0.09 
SrO 0.10 0.05 0.05 0.02 0 , 02 
Cr203 0.01 
Zr02 0.02 0.02 0.0) 0,0) 0,04 
NiO 
CIFW norms 
Q ),41 9.29 12.91 27.67 JJ.ll . 
Or 1.81 8.24 12.84 19.92 16.67 . 
Ab 51.90 )6.97 )9.)6 40.)) 42.09 
An 28.19 20.17 14.92 
.5.61 2 .6) 
Ne 
Lc 
Cor 
Di 4.)6 6.56 0.48 4.67 
Hy 5-09 ~l. 8) 11.42 1.99 
Wol 0.27 
01 ~ 4.78 4.81. f • Mt 2 • .5) 0.95 1.01 .I' 
! Il 1.86 1.64 2.28 0.57 0.66 
Km 
Chr 0.01 l Ap o.8J o.so 0.98 0.10 l ., 
.. ··- - --···- · .. - -·---------.-.....- __ , ... __ ._ ........ ·- ··•·· ~ 
, 
- 290 - AJ 
,Clode Sound area, Newfoundland 
/ 
A. Original analyses 
700 78 123B 797 705B 
si02 71.40 75.60 76.20 72.40 77.20 
Ti02 0.52 0.2J 0.28 0.54 0.24 
Al203 1). )0 1).00 12 . 60 14.00 12.50 
FeD 0.92 O,JJ 1. 03 0.85 0.75 
Fe2o3 
2.)6----~ . 1.15 o. 09 1.89 0.42 
MnO 0.12 0.07 0, 06 0.08 0,04 
MgO 0,15 O,JJ 0,)4 0,29 0.28 
CaO 6.09 1, 48 o. 86 0.88 0.76 
Na2o 4.24 5.20 4.56 5.60 J, 88 
K20 0.27 1. 88 2.97 2.,51 4,18 
P205 0,16 0, 1 0 0. 09 0.07 0.04 0 i 
I 
LOI 1, 01 1.50 o. 70 0,5J 0.75 J 
100.54 100. 87 99.78 99.65 101.05 
Rb 7 39 61 4J 75 
Sr 64) lJ2 1)4 167 14} 
Ba 44 674 894 87J 848 
Cu 7 8 6 7 6 
Pb 20 6 7 3 6 
Zn 26 36 35 367 35 
Cr 7 2 5 7 4 
Ni 5 2 
. ~{ 40 16 11 28 12 
"' 
25~ 16 16 16 14 
Zr 193 205 169 J 7 9 154 
y 26 29 30 42 32 
Nb 9 14 14 16 10 
White Point Formation rhyolites - 78, 705B - quartz and 
plagioclase phenocrysts . 
., 
I 

- , 
,.···· 
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A4 
area, Newfoundland 
analyses 
85~ 870B 856 621B 875A 
Sio2 46.78 44. 97 39.07 43.20 46.45 
\ Tio2 0.94 1.66 , 2.76 2.50 2.26 
Al2o3 17,06 15 · 79 14.48 15.40 15,22 
FeO 3.91 7.70 1.72 4.98 4.24 
Fe2o3 1.22 5 . 06 12.14 8.27 8.84 
MnO 1.02 0. 2J 0.27 0,20 0.19 
MgO 10.91 3. 02 ?.57 2.94 J,JJ 
CaO 2.40 7 . 43 . 8.?J 7. 85 6.79 
Na2o J,?J 4. 6J 3.65 4.15 J . 6J 
K20 0 . 06 0 ,JJ 0.40 1.74 1.)2 
P205 0.2J 0 . l J 0.61 0.49 O. JO 
LOI 5. 56 7. 76 7-79 7. 06 f 6.26 
I • 
99.01 98. ?0 99.19 98.78 98.83 
I 
J 
Rb ppm 2 lJ 8 77 53 
Sr 410 471 498 607 545 ~ 90 186 206 589 284 Ba 
Cu 28 57 28 70 47 
Pb 3 5 3 8 4 
Zn . 84 86 111 108 102 
Cr 812 1JO 75 58 37 
Ni 204 78 35 44 66 
.V 245 322 201 310 296 
Ga 18 20 18 . 21 22 
Zr 75 125 253 169 177 
y, 15 18 35 JO 29 
Nb 7 9 19 12 15 
Cla d e Sound Formation basalts : 852 ol i v ine p henocr ysts . 
., 
f 
I 
I 
- 29J - · ! , - B4 ~ 
Clode Sound'area, Newfoundland 
' 
B. Analyses recalculat~d to 100% anhydrous with corrected 
Fe2o_y!Fe0. 
852 87PB 856 621B 875A 
SiOz 52.90 49.54 4).16 47.)2 50.47 
Ti02 1.06 1.83 ).05 2.74 2.46 
A12o3 19.29 1?.)9 15.99 16.8? 16.54 
FeO 4.?9 11.44 11.84 11.54 11.2) 
Fe2d3 0.96 2.29 2.)6 2.)1 2.25 
MnO 1.15 0.25 O,JO 0.22 0.21 
MgO 12.)4 J.JJ 8.)6 ).22 ),62 
CaO 2.71 8.18 9.64 8.60 7.38 
Na2o 4.22 5.10 4.0J 4.55 J.94 
K20 0.07 0,)6 0.44 1.91 1.43 
PzOs 0.26 0.14 0.6? 0.54 O,J3 
BaO 0,01 0,02 0.03 0.07 O,OJ 
SrO o.os 0,06 0,0? 0,08 0,0? 
cr2o3 0,1J 0.02 0,01 0,01 0.01 I j Zr02~ 0,01 0.02 0.04 O.OJ O,OJ 
NiO O,OJ 0.01 0,01 0,01 
/. 
CIPW norms 
Q 0.78 
Or . 0,40 2.15 2.61 11.28 8.48 
Ab )5.71 )6,1) 15~63 22.?2 JJ.40 
An 11.96 2).51 24.26 20,02 2).20 
Ne ).82 10.03 8.55 
Lc 
Cor 7.90 ,. 
Di 1).89 15.95 16.52 9.?4 
Hy )9.03 8.4) 
Wol 
01 1).)4 20.71 11.09 8.04 
Mt l,J9 ).)2 J,4J J,J5 ).26 
Il 2.02 ).48 5.79 5.21 4.67 
Hm 
Chr 0.20 O.O.J 0,02 0.01 0.01 
Ap 0,60 O,.J.J 1.57 1.25 0.76 
} 
.. 
I 
I 
~ - 294 - A5 
Clode Sound area, Newfoundland 
A. Original analyses 
875B 692 845 100 114 
Si02 46.11 47.10 5).41 74.59 70.76 
TiC2 2.16 2.98 0.82 O,JO 0.56 
Al2o3 15.58 14.90 17.67 9.59 11.02 
FeO 10.10 9.28 1.82 O.J7 0,28 
Fe2o3 1.89 4.10 5.68 8.90 8.61 
MnO 0.13 0,29 0.14 0.10 0.05 
MgO 2.63 4.7) ) •. 13 0.)8 0.09 
CaO 6.26 5.57 4.69 0.20 0.25 
Na2o 4.88 J.?J J.71 2.12 J.?J 
K20 0.09 1. 20 4.24 2.29 2.16 
P205 0,44 1.15 0.24 0.06 0.04 
LOI 7.55 5.03 2.3) 1.02 1.15 
97.82 100.06 97.88 100.5) 98.70 
Rb 5 26 101 78 86 \ sr JOO 4J5 6)3 35 42 
Ba 86 614 1350 252 152 
Cu 46 2J 37 7 10 
Pb 1 5 1 16 20 
Zn 108 16) 81 124 168 
Cr 74 J 24 2 1 
Ni 43 J lJ 21 8 
v 351 22) 182 54 16 
Ga 21 25 19 39 42 
Zr 189 284 167 1848 1216 
y 23 )6 31 16) 78 
Nb 14 26 6 155 138 
Clade Sound Formati on 
- 875B ~ 692 - basalts; 845 - basalt 
with plagioclase, clinopyroxene and olivine phenocr ysts; 
100, 114, pante l l eri tes; 100 brecc iat ed. 
- 295 - B5 Clode Sound area, Newfoundland 
B. Analyses recalculated to 100% anhydrous with corrected 
FezOyFeO, 
' \ 
\ 875B 692 845 100 114 \ Sio2 50.51 49.58 .56.01 75.65 72.8J Ti02 2.J7 ).14 0.86 O,JO 0.58 
• Al203 17.07 15.68 18.53 9·73 11.34 
FeO 10.95 11..57 6.17 5.1 5.61 • 
"' Fe2o3 / 2.19 2.J2 1.24 J. 2.95 
~0 I 0.14 0,)1 0,15 0.10 0,05 
MgO 2.88 4.98 ).28 0.39 o.o9 
CaO 6.86 5.86 4.92 0,20 0.26 
Na2o 5.35 J.9J ).89 2.15 ).84 
K~O 0,10 1.26 c f 4.45 2.)2 2.22 
P205 1.49 1,21 0.25 0,06 0,04 
BaO 0,01 o.o'? • 0.16 O,OJ 0,02 
sro 0,04 0,05 0,08 
) Cr2o3 0.01 Zro2 O.OJ 0.04 0,02 0,24 0.16 
NiO 0.01 
CIFW norms 
Q 49.98 )8.27 
Or 0.58 7.4? 26.)2 1).76 1).16 
Ab 45.25 JJ,25 ]2.9? 18.24 32.54 
An 22.29 21.46 20.00 0,68 1.,06 
Ne 
Lc 
Cor "'- ).44 2.24 
Di 1.89 0.08 2.?5 
Hy 12.77 21,)4 8.18 8.75 ?.25 
Wol 
01 6.07 4.26 5.?6 
Mt J.18 J,J6 1.80 4.42 4.29 
Il 4.50 5.96 1.64 o.5a 'k-- 1.10 
Hrn 
Chr 0.02 0.01 
l Ap ).46 " 2.82 0.·59 0.14 0,10 •' - ~ ...... _ _ __ , ·A·- ·•·- ••• 
---- --- -- ---,_ .. _ ..... __ . .... -~ - -... ·------- ·-~ ~ 
A6 
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Clode Sound area, New found land 
A. Origin~l analyses 
.119~ )55 621 873 878 
Sio2 • 68.80 74.50 72~89 70.,Z9 80,6) 
Ti02 0.)5 0,)8 0.)2 0,20 0.)6 
Al203 10.90 10,10 ?.)? 7 -87 ?.58 
FeO 4.50 4.1? 1.87 2,JJ ).40 
• . 
Fe2o3 1.53 0.1? 6.89 7.06 0.82 
MnO 0 .. 27 0.06 0.2) 0.17 0 . 10 
lt'lgO 0.28 0.19 -:- 0.10 0.)6 
CaO ).96 0,06 2.99 1.20 1.02 
Na2o l.JJ o. H3 2,Jl 1.92 0,11 
K20 2.55 8.8/J. 1.37 ).05 2,04 
P2o5 0,05 . q. 04 
i LOI 5.92 2.68 ).44 1.74 J.OO 
' 
J 
100,44 101. t8 99.87 99.96 99.43 
ftb 258 122 56 100 6) 
Sr 26 89 1J5 \ 50 42 
J Ba 4 115 146 69 2)6 I Cu 10 10 10 1) ' 6 
Pb 7 25 70 27 7 
Zn 116 202 ~5 365 147 
Cr 2 2 2 2 
Ni 7 ·7 
. 
65 16 8 
v 16 17 10 5 ' 17 
"' I Ga 25 J6 35 35 20 
Zr ''il 564 10JJ 4041 1681 831 
y 7? 86 245 128 65 
Nb 73 140 325 177 95 
Clode Sound Formati on pentelleri tear 119 with abWldan t 
altered K - feldspar phenocrysts. i 
! 
' l
- ·-- --.... _ .... _ _ ~ . 
f 
B6 
, 
Clade Sound - 297 -area, Newfoundland 
B. Analyses recalculated to 100% anhydro~s with corrected 
Fe20y'Fe0, 
119 35.5 621 873 878 
Si02 72.68 75.41 75.46 74.85 83.44 
Ti02 O,J? 0,)8 O,JJ 0.21 0.)7 
Al2o3 11.52 10.22 7.63 8.32 7.84 
FeO 4.22 2.9" 5.6? 6.23 2.91 
Fe 2o3 . 2.22 1.56 ~L99 ).29 1.53 
MnO 0,29 0.06 0,24 0 .• 18 0,10 
MgO 0,)0 '0,20 0,11 O.J? 
CaO 4.18 0,06 3.10 1.27 1.06 
Na2o 1.41 0,18 2.)9 2.06 0,11 
K20 2.69 8.95 1.42 J.2J 2.11 
P205 0.05 0,04 
BaO 0.01 0,02 0,01 . 0,0} 
SrO 0,01 0.02 0,01 0.01 
Cr20J 
Zr02 0,08 0,14· 0.54 0.24 0.11 
NiO 
, . 
CIPW norms 
Q 4J.02 )8.47 47.92 44.29 70.28 
Or 15.93 52.96 8.43 19.11 12.49 
Ab 11.90 1.54 20.35 1?.49 0.96 
An 17.1? 0.09 5.9) J.94 5.)1 
Ne 
Lc 
Cor 0.21 J,4J 
Di 2.86 8.47 2.1J 
Hy 5.07 ).64 ).91 7.86 4.59 
Wol 
01 
Mt ).22 2.26 4.)6 4.78 2.22 
Il 0.70 0,7J o.6J 0.40 0.71 
Km 
Chr 
Ap 0,12 0,09 
• 
: f 
- 298 - A7 
Clode Sound area, Newfoundland 
A. Original analyses 
1)6 607 446 448 752 427 
s i02 44.10 45.60 72.40 71.90 69. :33 7J.70 
Ti02 1.08 2.4) 0.16 O.J8 0.62 0.22 
Al20J 17.?0 14.70 14.70 14.JO 14.46 12.)0 
FeD J.89 6.75 0.42 0.56 0.22 0.81 
Fe2o3 7.09 7.4) 1.02 1.47 4.J5 1.55 
MnO 0.17 0.2) 0.01 0.04 0,06 o.o4 
·Mgb • 12.54 7.)3 O.J7 0.12 0.95 0.24 
I I CaO 2.63 6 . 75 0.61 0.44 . 1.20 1.28 
-Na2o 4.55 4.27 4.27 5.32 6.55 2.86 
K20 0,08 0.19 4.6.5 4.09 1.20 5.86 
P205 0.26 0.)0 0,07 0.07 0.09 0.04 
LOI 6.24 J.51 1.26 0.75 1.10 0.65 
I 
99.82 99.49 99.94 99.44 100.13 99.55 J 
Rb J 116 89 J4 87 
Sr 44 452 76 97 79 75 
Ba 82 99 7981 876 507 709 . 
Cu 39 71 7 5 9 9 
Pb 6 10 16 20 1 
Zn 86 116 . )2 J4 59 )1 
Cr 494 99 J 1 10 J 
Ni 106 81 2 1 2 J 
v 250 J96 12 8 51 11 
Ga lJ 2) 17 15 14 21 
Zr 76 166 169 288 )55 4)8 
y 15 21 JJ )2 31 59 
Nb 6 1) 17 16 18 27 
Southwest River Formation (Jb) - 1J6, 607 basaltsr 446, 448 
752, 427 rhyolites. i 
l 
-· . ·--~- .... ~- ---- , ......,_, _ _ - · v ..... . . . ... .... ... ' • • • . - - · · · . ~ 
• 
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Clooe Sound area, Newfqundland 
B. Analyses recalculated to 100% anhydrous with correct~ 
Fe20y/FeO. 
136 607 446 448 752 427 
Si02 47.34 47.71 73.32 72.80 
70.11 74. 46 
Ti02 1.16 2.54 0.16 0.38 0.63 o. 22 
Al203 18.47 15.38 14.89 14.48 14.62 12.43 
FeO 
• 
9-35 11.92 0.86 1.22 2.6? 1. 42 
Fe2o3 1.87 2.)9 0.55 
o.n 1.69 0.90 
MnO 0 (18 0.24 0,01 0.04 0.06 o.o4 
Mgt> 13 .4G., ?. 6? 0.37 0.12 0,96 0.24 
CaO 2.82 7.06 0,62 0.45 1.21 1.29 
Na2o 4.88 4.47 4.~2 5.39 
6.62 2.89 
K20 0.09 0.20 4.71 4.14 1.21 5-92 
P205 0.28 0.31 o.(\y 0.07 0.09 0.04 
BaO 0.01 0.01 0.09 ' 0.10 0,06 0.08 
SrO 0.01 0.05 0.01 0.01 0,01 0.01 
cr2o3 0.06 0.02 
zro2 0. 01 0.02 0.02 
0.04 0.05 0.06 
NiO 0.02 0.01 .., 
CIPW norms 
Q 28.00 24.14 21.95 J1 .8J 
Or 0. 51 1.18 27.85 24.50 ?.18 J5.0J 
Ab 41.)4 J4.59 36.62 45.63 56.10 24.48 
An 12.24 21.)4 2.80 1.96 5.56 ;.46 
Ne 1.75 
Lc 
Cor 5.86 1.65 0. 42 O.JB 
Di 9.75 2.45 
) Hy 0.)5 1.81 1.34 4.98 0.9) 
Wol 
01 34.07 22.35 
Mt 2.71 ;.46 0.79 1.12 2.45 1.31 
Il 2.20 4. BJ O,Jl O.?J 1.19 0.42 
Hm 
Chr o.oe 0.02 ... 
Ap 0.65 U.?J 0.16 0.16 0.21 0.09 
• 
f 
I 
I 
' 
A8 
- JOO -
Clode Sound area, Newfoundland 
A. Original analyses 
629C 629B 555 800 591 
Si02 )9.47 46.32 64.71 64.4? 68.88 
Ti02 1.58 I 0.50 0,70 0.62 0.52 
Al203 1).76 17.83 15.82 16.00 14.48 
FeO 8.36 4.10 2.5J 2.49 1.65 
Fe2oj 9.18 2.50 1.83 1.79 1.53 ... 
MnO 0.17 0,14 0,14 ' 0.1) 0.09 
MgO 9.05 6.72 1.41 1.44 1.04 
CaO 15.92 14.11 2.98 2.98 2.29 
Na2o 0.58 1.96 4.44 4.5J 4.)8 
K2o 0. 87 ).98 4.02 ).29 
P205 0,14 0.14 o.o6 
LOI 2.88 0.97 1.32 1.10 
97.94 99.65 99· 94 99.)2 I 
J 
Rb 22 122 120 85 
Sr 471 326 JJJ 204 
Ba 84 170 825 859 699 
Cu 687 100 8 7 12, 
Pb 4 10 15 1 ,.. 
Zn 60 58 64 89 46 
Cr J8 269 7 1 11 
Ni 116 51 5 10 7 
v 689 159 53 64 48 
Ga 15 15 1) 17 19 
Zr 39 51 212 219 ~. 208 
y 10 13 40 )9 34 
Nb 7 3 10 11 10 
Georges Pond pluton - 629C' 629B gabbro1 555. aoe di orite1 
591 granit,e. 
-- I' 
- )01 - B8 
' 
Clade Sound area, Newfoundland 
B. Analyses recalculated to 100% anhydrous with corrected 
Fe20yFeO. 
629C 629B 555 800 591 
Si02 40.39 48.73 65.47 65.27 70,04 
TiOz 1.62 0.53 o. 71 0.63 0.53 
Al2o3 14.08 18.76 1"\ 16.01 16.20 14.72 • 
FeO 14.42 5.68 2.56 2.52 1.68 
Fe2o3 2.89 1.14 1.85 1.81 1.56 
MnO 0,1? 0.15 0,14 0.13 0.09 
MgO 9.26 7.07 1.43 1.46 1.06 
CaO 16,29 14.84 ),01 3.02 2.)) 
Na2o 0.59 2.06 4.49 4.59 4.45 
K20 0.20 ,. 0. 92 4.0) 4.07 ).35 
P2o5 0,14- 0.14 o.o6 
BaO 0.01 0.02 o;o9 0.10 0,08 
SrO 0,04 0,06 0,04 0,04 _ 0,02 
Cr2o3 0Te4 
Zro2 . 0.01 0.01 0,0) 0,0) 0,03 ! ) 
Nib 0,02 0,01 j I 
I 
CU".N- norms 1 Q 15.19 14.19 24.60 
Or 5.41 2).82 24,08 19.79 l l 
Ab 12.63 ·38.05 38~85 37.72 I 
r 
11.6) I An 35-99 )9.24 11.61 10.)1 j Ne 2.79 2.61 
Lc 0.97 I 
"I 
Cor 
Di 26.36 28.04 2.20 2.24 0.86 1 
Hy 4.75 4.88 ).)2 I Wol 01 26.47 9.35 I 
Mt 4.28 1.65 2.69 2.6) 2.26 
Il ).14 1.00 1.35 1.19 1.01 \ .. 
Hm 
Chr 0,01 o.o6 
~. Ap O.J3 O,J) 0.14 
... •· - --- ----- --·-···- -- ---- ··- ----------------·- -- ·-~~« ·- ·- -·- ··- ·· -
\ 
' A9 - J02 -
Clode Sound area, Newfoundland 
A • Original analyses 
. 
• 
515 641 601 564 743 
Sia2 69.57 71.47 76.59 75.?3 76.40 
Ti02 O,JO 0.24 0.06 0.02 0.1._5 
Al203 14.39 14.52 13.42 12.90 12.80 
FeO 1.17 0.94 0,26 0 . 28 1.03 
Pe2o3 1.J1 0.85 1.27 0.25 
MnO 0.07 0.09 0.08 0.01 
MgO 0.79 o • .so 0.1) 0.11 0 .1) 
CaO 2.04 1.62 O.J.5 0.55 0 . 32 
Na2o J-77 4.28 .s.oo ;.68 ).79 
K20 3.88 J.28 J,J1 5.04 5.2? 
P205 0,06 -0.01 
LOI 0.80 0.82 0.41 0.54 0,68 
98.15 98.62 100,88 99.10 100.46 ' J 
Rb 124 88 75 88 75 
Sr 235 154 42 94 78 
Ba 786 646 807 J54 619 
Cu 2 J 2 1 4 
Pb 10 5 7 11 16 
Zn 4) 46 48 17 22 
Cr 15 5 1 4 3 
Ni 6 J 6 7 
v 35 18 2 2 11 
Ga 16 15 16 14 
.. 
Zr 165 16) 227 70 
y 32 28 42 27 
Nb 7 9 1J 1) 
Georges Pond pluton .51.5, ' 641' graniter 601, ?4) granophyre, 
564, aplite. 
- )Q) - 139 
C lode Sound area, Newfoundland 
B. Analyses recalculated to 10~ anhydrous with corrected 
Fe20yFeO. 
515 641 601 564 743 
Si02 71.)6 7).00 76.14 76.79 76.)9 
Ti02 0,)1· 0.25 0.06 0.02 0.15 
Al203 14.76 14. 8) 1).)4 1).08 f2.80 
, -
FeO 1.20 0.96 0.26 0.28 1.0) 
Fe2o3 1.)4 o. 87 1.26 0.25 
MnO 0.07 0.09 0,08 0.01 
MgO 0.81 0. 51 O.lJ 0.11 0.13 
CaO 2.09 1.'65 0.).5 0.56 0.)2 
Na2o ).87 4. 37 4.97 ).7) ).79 
~20 ).98 3. 35 ).29 5.11 5.27 
P205 0.06 0.01 
BaO 0.09 0.07 0.09 o. 04 0.07 
SrO 0.0) 0.02 0.01 0.01 
Cr2o3 
Zr02 0.02 0.02 0.02 0,01 0,02 
NiO 
CIPW norms 
Q 27.71 )0. 02 )).65 )4.01 )2.5) 
Or 2).54 19.81 
----
19.46 )0. 21 )1.16 
Ab )2. 75 37.02 · 42.~ )1.59 )2.09 
An 10.2) 8.40 1.90 2. 87 1.68 
Ne .,. ..,. 
' Lc 
Cor 0.35 0.94 0>91 o. )6 0.25 
Di 
'+ -
Hy 2.74 2.08 0,)2. 0.56 1.99 
Wol 
01 
Mt 1.95 1.26 • 0.92 O.J? 
Il 0.58 0.47 0.11 0.04 0.29 
Hm o.6J 
• Chr 
Ap 0.14 0.02 
' 
A10 
- )04 -
Clode Sound area, Newfoundland 
A. Original analyses 
625 616 605 57JB 8)4 
Sio2 50.40 45.10 71.)8 ?1.05 52 .' 19 
Ti02 1.05 1.50 o.so 1.44 
Al2o3 15.70 1).98 r:.~ 14.26 12.06 15.-62 
FeO 7. 82 8.65 )I 0 . 61 O.Jl 6 . 52 
) Fe2o3 2.90 '-, 2. 24 O.JJ 5.48 2.89 MnO 0. 20 0.1? o.OJ 0.20 0.15 
MgO 4.88 10.45 0. 08 0.73 4.8) 
CaO 6. 88 8.92 1.46 1.42 6.41 
Na2o ).44 1.91 4.46 4.84 ).64 
K20 .1.JJ 0.88 ).74 0.79 0.90 
P205 0.17 0.19 0.07 0.18 
LOI J.79 5-3:1 2.04 l.OJ J.6) 
98.56 99.32 98.)8 98.48 98.40 j 
Rb )1 29 1 ) 1 32 21 
Sr 543 JJO 47 262 458 
Ba 752 J13 191 247 359 
Cu )10 64 1" 29 
Pb 2 9 12 16 12 
Zn 97 90 44 100 74 
Cr 77 337 4 16 
Ni $0 232 4 J ) 6 
v 307 203 5 14 194 
Ga 20 19 20 15 19 
Zr 84 111 166 224 231 
y 21 17 JO )4 22 
Nb 4 20 29 10 10 
D;-ke s - 625 , 616, mafic dykes in Connecting Point Group; 
605, 573B, s i lic1i c: 8)4, ma f i c, a ll in S outhwest River 
-· 
" 
! 
Formation. ' 
. . ... .. ~.~ --. ..... --- -~ ........ .-. .... .. - -.. ~ , . - ..... . 
f 
BlO 
Sound area, 
- J05 -
Newfoundland 
100% anhydrous with corrected 
' FeO, 
625 616 605 573B 8)4 
_5),14 47.92 ?4.04 7J,09 55.07 
1.11 1.59 0.51 1.52 
16.55 14.85 14.79 12.41 16.48 
FeO 9.)2 9.60 0,60 J.~5 8.16 
Fe2o3 1.87 1.92 0.)8 2.17 1.64 
MnO 0.21 0.18 o.o; 0,21 0.16 
MgO _5.1.5 11.10 0,08 0.75 5.10 
CaO 7.2_5 9.48 1..51 1.46 .6.76 
Na2o J,6J 2.0) 4.6) 4.98 J.84 
KzO 1.40 0.93 ).88 0,81 0.95 
Pzos 0.18 0.20 0.07 0.19 
BaO 0.09 o.o4 0,02 0,0) 0,04 
SrO 0.07 0,04 0,01 o.OJ o.o6 
cr2o3 0,01 0,0_5 J 
zra2 o.o1 0,02 0.02 0.0) o.o3 
NiO O,OJ 
CIPW norms 
Q .28.51 '35.08 ).89 
Or 8.)0 5.53 '22. 93 4.81 5.62 • 
Ab J0.72 17.19 J9.16 42.16 )2.53 
An 24.77 28.68 7 • .57 6.92 24.9.5 
Ne 
Lc 
Cor 0,21 0,80 
Di 8.67 1J.96 6.29 
Hy 21.24 11.54 1~05 5.94 21.02 
Wol 
01 1.05 16\-73 
Mt 2.71 2.79 0 • .56 3.15 2.37 
Il 2.10 ),OJ 0.98 2 .89 
Rm 
. 
Chr 0,01 0.08 
c 
Ap 0,42 0.47 0.17 0.44 " ~ 
' 
- ]06 - All 
C lode Sound area, Newfoundland 
A. Original analyses 
4-48B P116 24E 193B 196 
Si02 45.46 51.76 4?.23 51.1~ 46.40 
Ti02 2.)8 2.12 0.96 1.64 1.08 
Al2o3 15.?6 14.97 18.22 15.90 17.70 
FeO 8.82 7.)6 4.60 6.91 6.~1 
Fe2o3 J.54 2.19 J.2J 2,)1 2.)8 
MnO 0.20 o. 24 0.14 0,18 0 . 19 
MgO 5.68 J. 72 5.09 5.3) 7.97 
CaO 7.57 5.82 11.11 6.14 9.27 
Na2o ].06 ].97 1.69 1.95 1.18 
K20 . 0,66 1.82 1.93 2.69 2.65 
P205 0.33 0.68 0.16 0,41 0.19 
LQI 5.49 5.68 4.87 4.11 4.06 
·'~ 99.95 
lOO.JJ 99.22 98.67 99·5;_) ) 
I 48 \ Rb 10 20 53 72 
l 
Sr 548 167 395 J01 26 
Ba 150 554 309 . 665 194 
Cu 37 13 41 70 79 
Pb 3 3 1 3 
Zn 101 131 71 128 102 
Cr 5 11 123 64 128 
Ni 50 '7 41 44 95 
v 252 243 208 228 207 
Ga 18 22 19 19 .J.7 
Zr 194 279 100 274 86 
y 18 39 '22 31 28 
Nb 13 14 5 12 5 
Ma fic dykes - 448B in Southwest River Formation 1 P116, 24E, 
193B, 196 in Thorburn Lake For-mat ion ( 2a). 
- J07 - B11 
Clode Sound area, Newfoundland 
B. Analyses recalculated to 100% anhydrous with corrected 
Fe2DyFeO. 
448B P116 24E 19JB 196 
Si02 48.65 54.65 50.10 53.99 48.57 
Ti02 2.55 2.24 1.02 1.73 1.13 
Al203 16.87 15.81 1~3 16.80 18.53 
FeO 10.89 8.)') 6.75 8.05 7.67 
Fe2o3 2.18 1.67 1.35 1.61 1.54 
MnO 0,21 0.25 0.15 0.19 0,20 
MgO 6.08 3.93 5.40 5.63 8.34 
CaO 8.10 6.15 11.78 6.49 9.70 
Na2o ).27 4.19 1.79 2.06 1.24 
K20 0.71 1.92 2.05 2.84 2.77 
P205 0.35 0.72 0,17 0,4) 0,20 
BaO 0,02 0.07 0,04 0.08 0.02 
SrO 0.07 0.02 0.05 0.04 0,03 
Cr2o3 0.02 0,01 0.02 
Zro2 o.o4 0.04 0,01 0.04 0.01 
NiO 0.01 0.01 0.01 o.o1 
CIFW norms 
Q 2.53 5. 27 . 
Or 4.18 11.)6 12.11 16.81 16:40q 
Ab 27.73 35.50 15.18 17.45 10.46 
An 29.26 18.65 J8.67 28.2) J6.84 
Ne 
. Lc 
Cor 
Di 7.35 6.13 15.51 1.17 8.25 
1).56 17.48 10,21 24.42 10.16 • Hy 
Wol 
01 9.09 4,02 1).02 
Mt ).17 2.42 1.95 2.JJ Z.2J 
Il 4,84 4.25 1.94 3·29 2.15 
Hrn 
Chr 0,0) 0.01 O.OJ 
Ap 0.82 1.67 0.39 1.01 0.46 
Al2 -
t 
- 308 -
Clode Sound area, Newfoundland 
• P.. Original analyses 
86 688· 69B ?6B 228A 56? 
Si02 50.50 50.20 4?.67 45.00 47.30 54.50 
Ti02 1.41 1.17 3.12 2,08 2.34 1.37 
Al2o3 14.70 15.90 13 . 42 1).34 14.10 1).50 
FeO b. 82 5.99 8.47 8.17 7.43 6.10 
Fe2o3 2.13 4.31 6.02 3.94 5.00 J.Jl 
MnO 0,14 0,16 0.25 0.22 0.21 0.19 
MgO 7.40 6.91 5.41 8.24 6.13 ).75 
CaO 7. 82 10.88 7.67 9.64 10.82 6.55 
Na2o 3·63 1.97 3.11 2.0J 2.7'0 3·75 
KzO 0. 21 0.26 0.96 0.46 o.4a 1.20 
P20.5 0 I Jl 0.16 0,40 0.39 O,JO 0.34 • ( LOI 4. 04 2.06 ).67 4.71 3.25 2.35 
99.11 99.97 100.18 100,22 100,00 98.91 
I ) 
Rb 3 7 14 15 11 3.5 
Sr 703 390 210 396 575 373 
Ba 403 149 246 276 130 478 
Cu 59 65 76 51 47 21 
Pb 2 4 3 7 1 
Zn 10.5 80 14J 108 102 '<1 106 
Cr 137 140 27 176 69 21 
Ni 155 31 31 118 33 7-
v 166 253 430 276 354 249 
Ga 22 16 23 22 23 20 
Zr 124 82 227 174 176 13.5 
y 16 16 31 24 25. 30 
Nb 22 6 16 12 13 9 
Maf i c dykes in White Po i nt Formation. 
' .,- - · ·~~· --·-- ·- ·· .._ . ... - ... - - ... .., ...,. _...__. ,v ' 
- 309 - B12 
Clode Sound area, Newfoundland 
B. Analyses recalculated to 10~ anhydrous with corrected 
Fe2~Pe0. 
86 688 69B 76B 228A 567 
-Si02 5).02 5L36 49.54 47.14 48.98 . 56.47 
Ti02 , 1. 48· 1.20 ).24 2.18 2.42 · 1,42 " 
Al20} 15.43 16.27 1).95 16.07 14.60 16.06 
PeO 7.77 8.56 12.23 10.40 . 10.47 7.98 
Fe2o3 1.55 1.71 2.44 2.08 2.09 1.60 
MnO 0.15 0.16 0.26 0.2) 0.22 0,20 
MgO ?.8J 7.07 5.62 8.6) 6.J5 ).89 
CaO 8.21 11.1J ?.97 10.10 11.20 6.?9 
Na20 J.81 2.02 J.2J 2.1) 2 •. 80 ).89 
KzO 0.22 0.27 1.00 . 0.48 o.4J 1.24 
Pzo5 O.JJ 0.16 0.42 0.41 O,J1 0.35 
BaO 0.05 0.02 O.OJ o.OJ 0.02 o.o6 
SrO 0.09 0.05 0.02 0.05 0.07 0.04 
cr2o3 0.02 o. 02 O.OJ 0.01 J zro2 0.02 0. 01 o.oJ 0.02 O,OJ 0.02 
NiO 0.02 0.02 
CIPtl norms 
Q }.14 ~.42 
Or 1.30 1.5? 5.90 2.85 2.57 7.35 
Ab )2.28 17.06 27.37 18.01 23.67 32.90 
• 
An 24.38 \5~ 20.61 J2.90 26.02 22.73 Ne Lc 
Cor 
Di 11.86 16.18 1).60 12.06 22.90 . . 7.41 
Hy 23.65 22.)1 19.06 15.80 11.02 17.35 
Wol 
01 0.67 2.78 10.22 5.44 
Mt f 2.26 2.4e ).54 J.02 J.OJ 2.)2 
I1 2','i1 2.27 6.16 4.14 4.61 2.70 
Hll t 
Chr O.OJ O.OJ 0.01 0.04 0,02 
Ap 0.76 O.J8 0.97 0.95 0.72 0.82 
......... 
"-
- -- -- . , ; · ·- _.......,. __ .. _.. ___ , __ .,_~-.. -..~ ..... - -.. .... -· .. --~ - ... 
- JlO -
APPENDIX 5 
Flrst Re•l ts of Radiometric Age Dating Progi'-am 
• 
A ~d iometric ag·e-dating program ( U/Pb, Rh/Sr, Ar40; 39 ) 
-is being aonducted by D. Dallmeyer, University of Georgia, 
under the auspices of the Newfoundland Dept. of ~inea 
and Energy. Samples were collected by S.J. O'Brien, 
C.F. O'Driscoll, and the present author at various sites 
throughout the western Avalon Zone including several in 
the present map area. A number of age dates have recently 
become available (D. Dallmeyer, pers. comm., 1979). They 
include: 
Love Cove volcanics 
(Swift Current area) 
These volcanics are on 
strike and correlative 
with the White Point 
Formation of the present 
map area. 
r . 
Swift Current granite 
(correlative of Georg·es 
Pond pluton) 
Swift Current granite 
(hornblende separates) 
Ackley batholith 
(biotite separates) 
Sericite schists from 
Love Cove Group 
collected from Clode 
Sound area south to the 
Burin Peninsula 
/ 
206pbj2J8u - 590±~· 
206pbj2J8u - 580±20m.y. 
Rb/Sr . 
87srj86sr - 548±11m.y. 0. 70)26_±0. 00037 
Ar40/J9 
. Ar4ol19 ( who'l~ 
rock) 
- 5612:15m. y. 
- 528j:15m.y. 
- J52+10m.y. 
J56±10m.y. 
A - J85+1 0m .. y. 
B 386+10 " 
c 391+10 .. 
D 388+10 " 
E 388+10 " 
F 382:±5 " 
The Ar40; 39 release spectra on hornblende separates from 
j 
311 -
the Swift Current granite suggest that it has undergone 
'a post-crystallization thermal event which has apparently 
"updated" the Rb/Sr age data. Otherwise the ages reported 
above appear to be reliable indications of the age of 
formation of the rocks or in the case of the sericite 
schists the age of metamorphism. Clearly, these dates are 
of considerable significance to interpretations put 
forward in this thesis. 
Jenness (1963) and Dal Bello (1977) suggested that 
\_ the Love Cove Group forms the base or lower portions of a 
section occupied by the Connecting Point and Musgravetown 
Groups and the Eocambrian-Cambrian succession in ascending· 
order. However, the .590 ± JOm.y. U/Pb date suggests that 
the Love Cove Group does not underlie the Connecting Point 
Group and its position is somewhat comparable with that 
of the volcanic rocks elsewhere on the western Avalon Zone 
( eg. Marys town Group, column "C '", Table 1). 
Th~ 5BO:t JO m.y. U/Pb date on the Swift Current 
granite appears to support the case for a genetic link 
between the early granites (eg. Swift Current, Cape Roger 
Mountain, and Georg·es Pond plutons) and the Love Cove 
volcanic terrain. 
Coherent and consistent Ar40/J9 release spectra on 
sericite schist from C?Orrelatiye&<1of the White Point 
Formation to the south strongly support the interpretation 
that the princ ipal (S 1 } defornation of . the Love Cove Group 
, 
J 
. _ . __ ... <4! • • - 1~:·--._, ...... ..,. ..... .-.~.;- ,.., , .... ,,.,...., "'-.1' ·.t: - . ... - ... .. . . ....... . 
- J12 -
was Acadian in age. 
The Ar40/J9 ages on biotite separates from the 
Ackley batholith are consistent with its post-kinematic 
relation to the s1 fabric of the Love Cove Group • 
• 
~---------------·-
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